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INTRODUCTION 
Vegetables constitute an important item of human diet. The daily 
minimum requirement of vegetables, according to dieticians is 284 gm/meal 
and this may be greater in case of a purely vegetarian diet. Cucurbits are widely 
used as vegetables. The family cucurbitaceae contain more than 90 genera and 
750 species, almost equally divided between the new and old world tropics. 
According to Chakarvarty (1959) out of them 108 species occurring in India, 
and 38 are apparently endemic. Out of these some are confined to peninsular 
India and Ceylon and others to the Eastern Himalaya and Burma. Rheede 
(1805) and Roxburgh (1832) reported that Lagenaria vulgaris had been found 
to be wild in India. Naudin (1859) pointed out that species of Cucumis were 
Afiican in origin except C. anguria, and suggested that it had been introduced 
into the America through slave trade. According to Meeuse (1958) C. anguria 
was a cultigens descended fi'om a non-bitter variant (mutant) of an Afiican wild 
species, described as Cucumis longipes Hook, wiiich normally had bitter fi-uits. 
There are undoubtedly well developed secondary centers of origin of C. meJo 
in India, Persia, Southern Russia and China. 
Cucumber, melons, pumpkins, squashes and guards are cultivated as 
hot weather crops. They thrive best in Ught loamy soils and are grown all over 
India. Pointed gourd and small gourd are seldom grown in North-East India 
and the Indian squash melon, watermelon and muskmelon in the hills. All of 
them are propagated from the seeds, however, pointed gourd and small gourd 
by cuttings. In the hilly regions, the seed sown from April to July while in the 
plains from January to March. Late rainy season crops of bitter gourd and 
Indian squash melon are also raised during May to July. 
Cultivated cucurbits are of great economic importance. Their 
significance as a food crop Ues because still bulk of the population in India 
happens to be vegetarian. Among cucurbits Bottle gourd and Cucumber are 
used frequently in the food as vegetable and salad. 
Bottle gourd are young tender fruits and eaten as vegetable. Analysis of 
the edible portion of the fruit give the following values; moisture 96.3%, 
protein 0.2%, fat (ether extract) 0.1 %, carbohydrates 2.9%), mineral matter 
0.5%>, calcium 0.02%) and phosphorus less than 0.01%) in one gm. Other 
mineral elements to be present are iron (0.7mg/ lOOgm), potassium (86.0 
mg/lOOgm and iodine 4.5 jig/kg). Fruit of bottle gourd is rich in pectin and a 
good source of vitamin B, vitamin A and ascorbic acid. Seeds are also used in 
edible form. In China they are boiled in salt water and eaten as an appetizer. 
The oil obtained from the seeds kernels is clear and pale yellow and also used 
in Africa for edible purpose. 
The roots are emetic, purgative, and amodyne, expectorant, depurative 
and febrifiige. They are usefiil in vitiated condition of pitta, cough, bronchitis, 
asthma, fever, and inflammations, leprosy, skin diseases, jaundice, decaying 
teeth, cephalogia, constipation, flatulence and baldness. Flowers are cooling 
agents and are useful in opthalmia and odantologia. Fruits are bitter, 
refiigerant, emetic, purgative, anti-inflammatory, depurative, expectorant, 
diuretic and febrifiige. They are usefiil in burning of the feet, cough, bronchitis, 
and inflammation. The seeds are purgative, diuretic, cooUng and brain toxic 
and are usefiil in cough, fever and scolding of urine, otalgia, inflammation and 
dropsy. 
Cucumber is an old world species cultivated for over 4000 year. The 
earUest writings of Hebrews, Egyptians, Greek and Romans have numerous 
references to this plant. It had reached Europe by the 17* century and is now 
continuously spreading. The cucumber is a rough stemmed trailing with yellow 
auxiUary flowers and round to elongate prickly fi^ts. 
Cucurbits are highly susceptible to pests and diseases, which are 
responsible for reduction and uncertainity in their yield. The crops are heavily 
attacked by fimgi, viruses, bacteria and nematodes. Some fiingi such as 
Colletotrichum caused anthracnose disease, Permspora cubensis caused 
downy mildew, Fusarium and Pythium caused damping-off, and Rhizoctonia 
caused root-rot, and root-knot caused by Meloidogym. 
Root-knot nematode (Meloidogym species) attacks several kinds of 
crops all over the world and cause enormous crop losses (Sasser, 1980). The 
root galls or knots were observed many centuries ago but first report on 
cucumber was in an English Greenhouse by Barkely (1855). Meloidogym 
incognita (Kofoid & White) Chitwood, Meloidogym javanica (Treub) 
Chitwood, Meloidogym arenaria (Neal) Chitwood and Meloidogym hapla, 
Chitwood are major species of root-knot nematodes. Root-knot nematodes 
cause severe growth retardation of plants and produce root galls. Infected 
plants show stunted growth with fewer and smaller chlorotic leaves. During 
warm weather, incipient wilting occurs, the firuits are lacking and have poor 
quality. The average crop yield losses are estimated to be about 25% with 
damage in the individual fields ranging as high as 60% (Sasser, 1980, Sasser 
and Carter, 1982). Invasion of young seedUngs of cucurbitaceous plants by M. 
incognita larvae in many regions of the world was reported by several 
investigators (Kozhakaru, 1975, Huang ef. al. 1980 Moussaer. al. 1981, Pankaj 
et. al. 1990, Wehner et. al. 1991, Walter et. al. 1992). 
The infected plants develop galls on the roots due to hypertrophic and 
hyperplastic activities in the root tissues under the influence of the 
endoparasitic sedentary female nematode. A nimiber of giant cells develop 
around the female head. Giant cells are multinucleate with irregularly 
thickened walls and remain in high state of metaboUc activities. They fiinction 
as transfer cell and the sedentary female nematodes in the roots obtain their 
nutrition fi-om them (Jones and Northcote, 1972). They induced biochemical 
changes in the host and altered physiology, the anatomical transformations are 
mainly responsible for suppressed plant growth and deficiency symptoms 
appeared on tiie leave. 
Several workers (Hartely, 1921; Braun, 1924; Vanterpooi, 1932; Poole, 
1934 and Rands, 1938) found Pythium spp. consistently associated with roots. 
Pythium species are capable of causing diseases of plants that cause serious 
economic loss on a wide variety of hosts. 
Pythium spp commonly infect germinating seeds and the radicals 
causing seed-root and pre-emergence damping-ofif. Rootlets of most plants can 
be attacked by Pythium at almost any stage of plant growth. The fungus enters 
root tips and proliferates in the young cells, causing a rapid collapse and death 
of the root-lets. 
The fimgi also infect nevdy emerged seedlings at ground level causing 
them to collapse or topple over, a common symptom of post emergence 
damping-ofif. This disease is most noticeable in nursery beds, greenhouse flats 
and row crops because symptoms develop suddenly, killing large number of 
seedlings in local areas [Beach, 1949; Chi et. al. 1962; Filer ef. al. 1967). 
There are several factors influencing infection include inoculum density, 
soil moisture, soil temperature, pH, Ught intensity and presence of the number 
of other microorganisms. Soil temperature and moisture are the most important 
factors as reported by Kuo et. al. (1991) on vegetables and Bhatti et. a/..(1992) 
observed the effects of inoculum density and temperature on root-rot and wilt 
ofchiclq)ea. 
Development of root-rot in Forced tulips caused by Pythium spp. 
reported by Greeff et. al. (1991), and Ichitani et al. (1991), in Pampaw by 
Oluma et. al. (1993). Kusunoki et. al. (1994) observed browning root-rot of 
barley by Pythium in broccoli root-rot oiPythium was noticed by Kubota et.al 
(1995). Root-rot of vegetables in South Africa was reported by Botha et. al. 
(1996) and Pythium root-rot in bulbous Iris and Crocus by Van,Os,Gj 
et.al{\99%). Infection of cucumber with P.aphanidermature was reported by 
Mcloumbs and Winstead 1964). 
The fimgps Rhizoctonia is a soil inhabitant and cause serious diseases on 
many hosts by affecting the roots, stems, tubers, conns and other plant parts 
and produce basidiospores. Rhizoctonia was known as sterile fungus because 
for many years it was thought to produce only sclerotia and to be incapable of 
producing spores of any kind, either sexual or asexual. Some species produce 
basidiospores as their sexual spores which thus makes Rhizoctonia a 
basidiomycetes and is called Thanatophorus cucumeris,The disease caused by 
Rhizoctonia determined throughout the world and cause losses on most annual 
plants, including almost all vegetables and several field crops Pascual et. 
a/.(1988) in sorghum, Sharma et.al (1984) in cauliflower Shen et. ah (1993) in 
Rice]. 
The symptoms of Rhizoctonia disease may vary fi-om crop to crop and 
even on flie same host, depending on the stage of growth at which the plant 
becomes infected and the prevaiUng environmental conditions. The most 
common symptoms, on most plants are damping-o£f of seedlings root-rot, stem 
rot and stem canker. 
The pathogen, Rhizoctonia spp.and particularly R. solani, exist 
primarily as a sterile myceUum that is colourless wiien young but turn 
yellowish or light brown when old. The myceUum consist of long cells and 
produces branches that grows approximately at right angles to the main hypha, 
are shghtly constricted at the junction, and have a cross wall near the junction. 
Under certain conditions the fungus produces sclerotia Uke tufts of short, 
broad, ovate to triangular shaped cells that function as chlamydospores, or 
eventually the tufts develop into rather small, loosely formed brown to black 
sclerotia, v\iiich are common on some hosts such as potato. 
The pathogen overwinters usually as mycelium or sclerotia in the soil 
and in an infected perennial plants or propagative materials such as potato 
tubers. The fungus is present in moist soils and once established in a field, 
remains indefinitely. The fungus spread with rain, irrigation, or floodwater, 
with tools and anything else that carries contaminated soil, and with infected or 
contaminated propagative materials. Optimum-temperature for infection of 
fungus is about 15 to 18°C but some races are much active at higher 
temperatures, upto SS^ C. Disease is more severe in soils that are moderately 
wet than in waterlogged soils or dry. Infection of young plants is most severe 
Vkiien plant growth is slow because of adverse environmental conditions. 
Grisham et. dl. (1983) tested the pathogenecity and host specificity of ^. 
solani isolated from carrot. Similarly Bittencourt et. al. (1984) observed 
pathogenecity of/?, solani in pea, Hen et. al. (1989) in peanut, Wolk et. al 
(1994) in cucumber. 
Plant-parasitic nematodes often play a major role in disease complexes. 
Fungi of various types constitute a significant position of soil microflora. 
Important disease complexes involving certain fimgi and nematodes have been 
investigated fi^om time to time. Atkinson (1892) reported the interaction of 
root-knot nematodes Meloidogyne spp. with Fusarium wilt of cotton. Atkinson 
observed that infection by root-knot nematode always increased the severity of 
Fusarium wilt. Even some non-pathogenic fimgi or weak pathogens have been 
found to inflict damage v>iien present with nematodes. (Powell et. al. 1971). 
Most of the studies on interaction involving nematodes and fungi have 
been made with pathogenic fungus as one of the component in disease 
complex. There are large number of fungi inhabiting the rhizosphere, which 
might use influencing the disease complex situation involving nematodes and 
pathogenic fungus. Bowen (1979) suggested that microbial communities on the 
root surface are as micro-islands, but they interact ^^ 4len they cross their 
territories. 
The extensive survey of Uterature clearly revealed the presence of 
different species of plant parasitic nematodes and pothogenic fungi 
{Meloidogyne, Heterodera, Roiylenchulus, Pratylenchus, Fusarium, 
Macrophomina phaseolina, Rhizoctonia, and Pythium) associated with the 
unthrifty crop of bottle gourd (Lagenaria lucanthq), and cucumber (Cucumis 
sativus). Amongst the nematodes, Meloidogyne incognita has been found most 
common with these crops whereas in pathogenic fungi such as R. solani and 
P.aphanidermatum also attack on these crops. 
Therefore, it becomes imperative to manage these pathogens on their 
respective hosts in order to have more economic value and better quaHty of 
fruits. This management could be achieved with the help of organic additives, 
pesticides, inorganic fertilizers, and biological agents and fly ash etc. The use 
of pesticides in agricultural management has increased dramatically during the 
last few decades with the onset of green revolution in the early sixties. Their 
use resulted in adverse effect on soil structure, soil micoflora, and quality of 
water, food, fodder and other food materials. The difficulty in handling and the 
procurement of organic chemicals leads to alternative search for safe and 
ecofriendly management strategies. It is easily available and gives 
multidimensional effects, wWch besides managing pathogens also fulfill the 
nutritional requirement of the plants. Various workers used fly ash as alternate 
material for management of pathogens( Singh et. al. 1994; Khan et. a/. 1993, 
1997; Khan and GhancUrpour, 1999; and Khan and Singh 2001). With respect 
to nematodes and fungi it needs further investigation for better understanding 
of the possible role of fly ash to manage these pathogens. 
Thermal power plants utihze fuel to produce steam for power 
generation. Coal is the major source of energy to run industries in developing 
countries including India. Large quantity of oxides of sulphur, nitrogen and 
carbon and particulate air pollutants are generated during coal combustion. In 
India more than 85% of total mined coal is burnt to generate electricity. During 
coal burning in power plants, 60 milUon tons fly ash is produced aimually. 
Fly ash is small sized particles, wiiich are mostly in the range of silt, and 
clay particles with an average size around 70 ^m. Fly ash is rich in various 
chemicals, but its elemental composition vary widely. It usually contains higher 
concentration of essential plant nutrients, except nitrogen (Adriano et. al. 1980; 
Khan and Khan, 1996). Fly ash contains exceedingly high amount of carbonate, 
bicarbonate, sulphate, boron, potassium, phosphorus, calcium, magnesium, 
copper, zinc, nickel, lead etc. (Khan et. al. 1997). 
Among other potential factors fly ash is important for growth and 
reproduction of microorganisms. The fly ash has direct and indirect effects on 
microbial community. Plant diseases caused by microorganisms may be either 
enhanced or suppressed depending upon the nature of the disease and host and 
the concentration and diversity of the particulate matter pollutants. It is 
becoming evident that interaction between pollutants, plants and 
microorganism, including the pathogen can affect the pathogenesis. 
It is clear that R. solani, P. aphanidermatum and M incognita are 
parasitic on root system and fly ash may be interacting in the same way. There 
interactive effects may be different to same or great extent than their individual 
effect on plant growth and productivity. 
Keeping in view the importance of two vegetable plants such as bottle 
gom-d and cucumber in our country and the associated pathogens eg. 
M.incognita, R. solani and P. aphanidermatum which have deleterious effects 
on the crops by reducing its economic value, it has become necessary to study 
the individual and concomitant effect of the pathogens on plant growth 
parameters such as plant length fi-esh and dry weight, net primary productivity, 
leaf area and photosynthetic pigments (chlorophyll and carotenoid) of bottle 
gourd and cucumber plants and to manage them by most effective and 
economic management practices to get the improved quality and quantity of 
crops. 
Plan of work 
1. Reaction of different cultivars of bottie gourd (Lagenaria lucantha) to 
the root-knot nematode, Meloidogyne incognita root-rot fungus. 
Rhizoctonia solani and seedhng-rot fungus, Pythium aphanidermatum 
on plant growth, photosynthetic pigments, nematode multiplication, 
root-knot and root-rot development in bottie gourd (Lagenaria lucantha) 
cv. Ward 
2. Reaction of different cultivars of cucumber {Cucumis sativus) to the 
root-knot nematode, Mehidogyne incognita, root-rot fungus, 
Rhizoctonia solani and seedling-rot, fungus Pythium aphanidermatum 
on plant growth, photosynthetic pigments, nematode multiplication, 
root-knot and root-rot development in cucumber {Cucumis sativus). 
3. Effect of individual and concomitant inoculations of variable inoculum 
levels of root-knot nematode Mehidogyne incognita, root-rot fungus, 
Rhizoctonia solani and/or seedUng-rot fungus, Pythium 
aphanidermatum on plant growth, photosynthetic pigments, nematode 
multiplication, root-knot and root-rot development in bottle gourd 
{Lagenaria Jucantha) cv. Ward. 
4. Effect of individual, simultaneous and sequential inoculations of root-
knot nematode, Mehidogyne incognita and root-rot fungus, Rhizoctonia 
solani and/or seedling-rot fungus, Pythium aphanidermatum on plant 
growth, photosynthetic pigments, nematode multiplication, root-knot 
and root-rot development in bottle gourd (Lagenaria lucantha) cv. 
Ward. 
5. Effect of individual and concomitant inoculations of variable inoculum 
levels of root-knot nematode, Mehidogyne incognita and root-rot 
fungus, Rhizoctonia sohni and/or seedUng-rot fungus, Pythium 
aphanidermatum on plant growth, photosynthetic pigments, nematode 
multipUcation, root-knot and root-rot development in cucumber 
(Cucumis sativus) cv. Pointset. 
6. Effect of individual, simultaneous and sequential inoculations of root-
knot nematode, Mehidogyne incognita, root-rot fungus, Rhizoctonia 
sohni and/or seedling-rot fungus, Pythium aphanidermatum on plant 
growth, photosynthetic pigments, nematode multiplication, root-knot 
and root-rot development in cucumber (Cucumis sativus) cv. Pointset. 
7. Estimation of physicochemical properties of soil amended with different 
concentration of fly ash. 
8. Effect of different concentration of fly ash on plant growth and 
photosynthetic pigments of bottle gourd (Lagenaria lucantha) cv. Ward. 
9. Interactive effect of different concentration of fly ash and root-knot 
nematode, Meloidogyne incognita, root-rot fungus, Rhizoctonia solani 
and seedling-rot fungus, Pythium aphanidermatum on plant growth, 
photosynthetic pigments, nematode multipUcation and root-knot 
development in bottle gourd {Lagenaria lucantha) cv. Ward. 
10. Interactive effect different concentration of fly ash, root-knot nematode, 
Meloidogyne incognita, and seedUng-rot fungus, Pythium 
aphanidermatum and/or root-rot fungi Rhizoctonia solani on plant 
growth, photosynthetic pigments, nematode multipUcation, root-knot 
and root-rot development on bottle gourd {Lagenaria lucantha) cv. 
Ward. 
11. Effect of different concentration of fly ash on plant growth and 
photosynthetic pigments of cucumber {Cucumis sativus) cv. Pointset. 
12. Interactive effect oof different concentration of fly ash and root-knot 
nematode, Meloidogyne incognita root-rot fungus Rhizoctonia solani 
and seedling-rot fungus, Pythium aphanidermatum on plant growth, 
photosynthetic pigments, nematode multipUcation and root-knot 
development in cucumber {Cucumis sativus) cv. Pointset. 
13. Interactive effect different concentration of fly ash, root-knot nematode 
Meloidogyne incognita, and seedUng-rot fungus Pythium 
aphanidermatum and/or root-rot fungi Rhizoctonia solani on plant 
growth, photosynthetic pigments, nematode multiplication, root-knot 
and root-rot development on cucumber {Cucumis sativus) cv. Pointset. 

II 
REVIEW OF LITERATURE 
2.1 Meloidogyne spp. 
Root-knot nematodes are cosmopoliton in distribution and are an 
important group of plant parasitic nematodes infecting a wide range of 
economically important plants all over the world. Due to their small size and 
protective habitat root-knot nematode remained undiscovered until the 19 
century even though they cause quite recognizable galls. Root knot disease was 
first recorded by Berkeley (1855) on gjass house cucumbers in England. Since 
then the pathogens have been designated for a considerably long period of time 
with different names (Sasser and Carter, 1982; Triantaphyllou, 1973). The 
present day ndimt Meloidogyne was given by Goeldi (1887), Chitwood (1949). 
Kozhokam (1975) reported the invasion of germinating seeds of 
cucurbitaceous plants by Meloidogyne incognita larvae in many regions of 
Moldavia, U.S.S.R In the laboratory, germinating seeds in infected soil were 
attacked within 4 to 5 days by M. incognita larvae and were unable to develop 
further. Huang and Viana et.al. (1980) observed the relationship between the 
levels of pre-planting inoculum of M. incognita and the development of 
cucumber in Brazil. Similarly GongHao and Monong (1981) reported the 
occurrence of Meloidogyne incognita from cucumber plants in Nanjing, 
Giangsu province, China. 
Moussa et.al. (1981) reported the species of Meloidogyne infecting 
cucurbits in northern Egypt. A survey of root samples from cantaloupe, 
cucumber, pumpkin, snake cucumber, squash, sweetmelon and watermelon 
crops from 18 sites in Northern E©^t, indicated the occurrence of 4 
Meloidogyne species in descending order of frequency, M. incognita (52% of 
samples) M. javanica, M. arenaria, and M. ihamesi of the 7 crop sampled. 
Sweetmelon and watermelon were iivfected by all 4 species, others were only 
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infected with M incognita and M. javanica. Again Moussa et.al. (1981) 
observed the reaction of certain cucurbit cultivars to nine population of 
Meloidogym incognita. Most of 18 cultivars of 7 cucurbitaceous vegetable 
crops were rated as good or excellent hosts to each of nine populations of M. 
incognita from different locations in Northern Egypt. 
Mukharjee and Tiyagi (1981) studied on larval invasion of root-knot 
nematode, M incognita in Luffa acutangula Roxb. Infective Ilnd stage 
juveniles of A/, incognita invaded growing roots of L. acutangula just behind 
the root tip, penetrating the epidermis and destroying cortical cells. Salim et.al. 
(1981) observed the inoculum potential of the root-knot nematode, 
Meloidogym incognita (Treub,1885) Chitwood 1949 in relation to early growth 
of squash Cucurbita pepo var. Melopepo L. In a glasshouse experiment, 
Cucurbita pepo var.Melopepo was inoculated with M .javanica (0, 500,1000, 
2000, 4000 and 8000 juveniles per pot). Significant damage occurred with 500 
juveniles per pot. Development of four populations of Meloidogyne hapla on 
two cultivars of cucumber at different temperatures were observed by Stephan 
and Trudgill (1982). 
Dabaj and Khan (1982) reported root-knot nematodes on indoor 
cucumbers in TripoU region of Libyan Jamahiriya. A survey of indoor 
cucumber in the Tripoli region, Libya conducted during February- March 1980 
revealed that Meloidogym incognita was inflicting heavy losses in most areas. 
Most of the plastic turmels were heavily infested. The disease ranged from mild 
to severe. In some tunnels this led to total crop failure. Narbaeu and 
Allamuratov (1986) noticed the distribution and biolo©' of gall nematodes in 
glass houses in the Tashkent region. Gall nematodes (M. arenaria, M. javanica, 
M. incognita and M. acrita) was found on cucumber and their associated 
weeds, in 11 out of 13 glasshouses investigating in 4 district of Tashkent 
region, USSR. Echavez (1989) observed the performance of 3 cucumber 
varieties in soil infested with root-knot and reniform nematode in Puerto Rico. 
13 
Pankaj and Siyanand (1990) noticed the effect of initial inoculum levels 
of Meloidogym incognita on bitter gourd and round melon. Significant 
reduction in plant growth was occurred at and above one J2/gm soil in bitter 
gourd and round melon. Final nematode population increase with an increase in 
inoculum level. Correlation of shoot weight with root galUng in Cucumis spp. 
inoculated with root-knot nematode was reported by Wehner .et.al. (1991). Six 
genotype (C. sativus, cv. Sumter C. metuliferus accession PI 482448, PI 
482450, PI 482452, PI482454 and PI 482461) were inoculated with 4 species 
of root-knot nematodes (Meloidogym incognita race 1, M. hapla, M. arenaria 
race 1 and M Javanica) and evaluated 8 weeks later for percentage of root 
galled and shoot fi'esh weight. Results revealed that PI 482452 had the lowest 
mean percentage of galled roots (35%) and the highest mean shoot and root 
firesh weight (514g). M. incognita race 1 was the most pathogenic species 
tested and induced the lowest shoot fi-esh weight of 258g in cv. Sumter. Galled 
root due to M incognita were also reported by Salam (1991) on stem of Lujfa 
acutangula fi^om the Andaman and Nicobar Islands, India. 
Walters et.al. (1992) noticed the effect of root decay on the relationship 
between Meloidogym species gall index and eggmass number in cucumber and 
homed cucumber. This study showed that root-necrosis had an adverse affect 
on the relationship between gall index and eggmass number in cucumber. In a 
survey of 26 host plants (19 vegetables and 7 legumes) from Chitwan, Nepal, 
Meloidogyne incognita and M. javanica were identified by Rana and Ali 
(1992). M. incognita was the most common and predominant species and 56% 
of crops were infested, followed by M arenaria said M. javanica with 37% and 
23% crop infestation respectively. Some crop species were infested by more 
than one species of Meloidogym. 
Bhagmati and Phukan (1993) reported the pathogenecity of root-knot 
nematode, Meloidogym imognita on pea var. Boneville. There was a 
progressive decrease in all plant growth characters with increasing inoculum 
levels, a significant reduction occurring at or above 1000 larvae per plant. Plant 
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showed chlorosis, rugose leaves and shedding of a few basal leaves at the 
highest inoculum level. Gupta et.al. (1995) observed that initial inoculum 
levels of hundred larvae of Meloidogyne spp. in bitter gourd, 1000 larvae in 
smooth gourd, ridge gourd and squash melon significantly reduced the growth 
parameters. Galling and nematode reproduction were directly related to initial 
inoculimi levels. Creech et.al. (1995) compared rates of penetration and 
reproduction in resistant and susceptible cotton. M incognita race 3 exhibited 
delayed response in M-315 resistant genotype. Out of 18 cucumber varieties 
tested by Sharraa et.al (1995) for their reaction to M. incognita. Hoe-707 and 
EC-173929 were found resistant. The resistant line of Gossypium hirsutum 
against M incognita exhibited necrosis around nematode head. 
Zarina and Abida (1995) recorded the new host of root-knot nematodes 
{Meloidogyne species) in Pakistan. They reported M javanica on black night 
shade and snake melon (Cucumis melo var. Flexuous) and rose and 
M. incognita on snake melon as new host record in Pakistan. Bahar and Phukan 
(1996) observed the reaction of certain cucumber cultivars to root-knot 
nematode, M incognita. Most of them were susceptible (Khira-90), or highly 
susceptible (CEC 173934, Priya, 20-3-2-1 and Pusa Sanyog). Bhat et.al. 
studied the morphological and biochemical responses of pigeonpea cultivers to 
M. incognita race-1 and Rotylenchulus reniformis. Pedrosa et.al. (1996) found 
all the cultivars susceptible towards M incognita race 1. Eight genera of 
leguminaceae were evaluated against M.chitwoodi and M.hapla Pedrosa 
ef.a/..(1996) inoculated M arenaria race 1 and 2 to know resistance and 
susceptibihty of tiiree genotype of soyabean. 
Fazal et.al. (1996) determined threshold levels of M .incognita and 
R .reniformis on black gram. The threshold limits of M.incognita and 
R.reniformis were 1000 J2and 1000 immature females, respectively. Sivakumar 
et.al. (1996) noticed the association of Northern root-knot nematode, 
Meloidogyne hapla Chitwood, 1949 on temperate vegetables in the Nilgiris. 
The soil and root population of M. javanica were highest in carrot and beetroot 
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and lowest (<200 namatodes / 200 cm^ soil) in cabbage, cauliflower and radish 
in the Udhagamandalam cooner and kotagjri areas of Tamilnadu, India. The 
root-knot indices and percent density were highest for carrot, beetroot and 
broad beans and lowest for cabbage. Cauliflower, radish, potato, bush bean, 
Kohlrabi, turnip and peas were also examined. 
Eddaoudi et.al. (1997) identify the resistance breaking population of 
Meloidogyne on tomatoes in Moracco and their effect on new sources of 
resistance. 25 isolates of Meloidogyne collected in Moraccan vegetables 
growing areas. Nejad and Khan (1997) studied the influence of initial inoculum 
levels of root-knot nematode, Meloidogyne incognita (race-1) on growth of 
some chickpea cultivars Pusa-209, Pusa-212, Pusa-244, Pusa- 256, Pusa- 267 
and Pusa-436 with inoculum levels of 0.10, 100,1000 and 10,000 Ja/pot under 
artificial inoculations. There was a progressive decrease in plant growth as the 
inoculum levels of the nematode increases. An inoculum level of 1000 Ja/pot 
was found to be a damaging threshold level for Pusa-212 and Pusa- 267 
\siiereas 10, 000 y pot caused significant reduction in growth parameters of all 
cultivars. Rhizobial nodulation was adversely affected at all inouclum levels 
and this effect was significant at 1000 J2 and above. 
Anver et.al. (1997) noticed the reaction of pigeon pea accessions to root-
knot nematode, Meloidogyne incognita. Thirteen Cajanus cajan accessions 
were screened in pots infested with 5000 fi-eshly hatched second stage juveniles 
of M. incognita. Three months after inoculation, the accession KMG and 
AF293 were noted resistant and moderately resistant respectively. The intensity 
of nematode infestation was positively correlated with a reduction in plant 
mass, pod number, nodules number, leaf chlorophyll content and bulk density 
of stems. 
Hokoma (1998) studied the influence of soil types on the susceptibihty 
of okra and damage caused by Meloidogyne incognita (Kofoid and White) 
Chitwood. The pathogenecity of Meloidogyne incognita race-3 to turmeric 
{Curcuma longa) cv. BSR-1 and PTS-10 was studied by Poomima et. al. 
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(1998). The nematode was pathogenic to both the cultivars. The leaves of 
inoculated plants were pale in colour and shoot weight was reduced by 6-10% 
in both varieties, level of protein, carbohydrate, chlorophyll contents, total 
chlorophyll, rhizom curcumin level were lower in plants inoculated with 
10,000 juveniles wiien compared to healthy ones. It was concluded that the 
nematode caused loss in yield as well as quality of the produce in turmeric. 
The penetration and post penetration, development of M incognita 
juvenile stage (J2) was observed by Rao et.al (1998) in tomato hybrid FM-2, 
Unes (BN-10 and IIHR-550) and variety Pusa Ruby, before and after 
transplanting of the crop. The degree of penetration was significantly less in the 
3 resistant hybrid/ Unes as compared to Pusa Ruby, wiiere it was 30% and 35% 
before and after transplanting respectively. In Papaya the pathogenecity of 
M. incognita was studied by Aparajita et.al. (1998) with 5 inoculum levels: 
100, 1000, 3000, 5000 and 10000 juveniles / 3 kg soil. There was also a 
progressive decrease in growth of the plant with an increase in inoculum level. 
Haseeb et.al. (1998) recorded the relationship between M incognita and 
growth physiology and oil yield of Ocimum kilimandscharicum. The greatest 
reduction in all growth parameters occurred in plants inoculated with the 
highest inoculum density of M. incognita (16000 J2/7.5 kg. soil). The highest 
reproduction factor (45.85) occurred in plants inoculated with 5000 J2/7.5 kg 
soil. 
Pathogenic action of Meloidogyne incognita race-2 and Meloidogyne 
javanica to two winter r^eseed {Brassica napus var. oleifera) cv. Hyola 401 
and Iciola 41 was evaluated under greenhouse condition by Ferraz et.al (1999). 
After 40 days plant growth showed the significant difference between 
inoculated and uninoculated plants. At highest inoculum level both the 
nematode species caused a severe reduction in root system and plant becomes 
clearly stunted. Mahapatra et.al.. (1999) tested the pathogenecity of root-knot 
nematode {Meloidogyne incognita) in pointed gourd (Trichosanthes dioica). A 
significant reduction in shoot and root weight of T. dioica was observed at an 
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initial inoculum density of 1000 J2 of M incognita per kg soil. This was 
considered as the damaging threshold level. Rate of nematode reproduction 
was density dependent. 
Host parasite interaction of M inicognita and Vitis vinifera under 
greenhouse conditions was reported by Hafez et.al (2000). Shoot fresh weight 
showed a different response at different inoculum levels (100, 1000, 10,000 
juveniles per pot). Effect of Meloidogyne incognita on growth and storage root 
formation of cassava {Manihot esculenta) was reported by Makumbi-kidza 
et. al.(2000). Two node cutting of cassava cultivars SS4 were inoculated with 
1000 infective juveniles of (Meloidogyne incognita) at 1, 14, 40, 70, 88 and 
127 days after planting (DAP). Plant growth land root damage was assessed at 
150 DAP. M. incognita significantly reduced the number of storage root 
formed in plants inoculated at 14, 40, 70 and 88 DAP and the total weight of 
storage roots in plants inoculated at 1, 14, 40, 70 and 88 DAP, compared to 
uninoculated plants. Experiment indicated that young cassava plants are most 
prone to root-knot nematode damage in terms of storage root formation. The 
production loss caused by M incognita to young SS4 plants was due to a 
reduction of storage-root number rather than a reduction in individual storage-
root weight. 
Thirteen indigoious and exotic Acacia grown in Saudi Arabia were evaluated 
by Ibrahim et.al, (2000) for their host status for M. javanica in pot tests both in the 
growth chamber and under outdoor conditions. Results of both the growth chamber 
and the outdoor test were similar. Acacia famisiana, A. gerrardii subsp. negevemis 
var. and najdensis and A. saligna were excellent host and highly susceptible. This is 
the first report on the susceptibility of Acacia spp. to M. javanica in Saudi Arabia. 
2.2 Pythium spp. 
Krober et. al. (1975) reported that Pythium and Rhizoctonia solani as 
pathogens of Gerbera. Stunted and dying plants of G. jamesonii in some 
commercial nurseries had symptoms of root-rot and occasionally rot of the 
stem base. R. solani and P. irregulare were identify as the casual organisms. 
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Inoculation tests showed that P. ultimum and P. splendem were also 
pathogenic. R. solani caused more damage than Pythium spp and attacked more 
mature plants, vsiiereas damage by Pythium was restricted to younger plants. 
Hoch et. al. (1975) observed Pythium spp. as incitants of bean root and 
hypocotyls rot in Wisconsin. Studies were made of diseased plants and infested 
soil from over 100 Phaseolus bean fields. Pythium spp. including P. splendem, 
P. ultimum and p. aphanidermatum, were commonly isolated, as alongwith 
Rhizoctonia solani and Fusarium solani. Kuhnel (1978) collected soil and plant 
samples from different part of East Germany and examined for fimgi causing 
beet damping off and black leg Pythium occurred in 89%, R. solani in 50% 
Mid Aphanomyces cochlioides in 18% of 61 soil samples. 
Ogundane et. al. (1976) discovered basal rot of cowpea a new disease 
caused by P. aphanidermatum and Sclerotium rolfsii singly or together occurs 
at any time in the field after first weeding till shortly before maturity. The 
optimum temperature for root-rot development was 30°C. Suzuki et. al (1978) 
reported that zoospores of P. aphanidermatum were strongly attracted by crude 
exudates from cucumber roots. Singh et. al. (1978) observed the incidence of 
P. butleri, on the fiiiits of bottle gourd {Lagenaria lucantha), melon, 
v^termelon and all isolates resembled one another morphologically and 
pathogenically. 
Wahab et al. (1978) reported the growth requirements of Pythium 
aphanidermatum, cause of "cottony leak" in Lujfa cylindrical fioiits. Mitchell 
(1978) studied on relationship of inoculum levels of several soil borne species 
of Phytophthora and Pythium to infection of several hosts. Between 15 and 43 
zoospores/ gm soil were required for 50% infection of groundnuts, rye or 
soyabeen by Pythium rnyriotylum; Amaranthus, cotton and tomato by P. 
aphanidermatum or of cabbage by P. polymastum. Petrov (1979) observed the 
role of Pythium spp. on the development of some diseases of vegetable crops in 
Murmansk region.? aphanidermatum spp. are also responsible for damping-off 
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and death of seedlings of lettuce, radish, cucumber, tomato, turnip, cabbage, 
carrot, beet and swede. 
Johnson (1979) noticed the susceptibility of cotton seedlings to P. 
ultimum and other patiiogens. Hypocotyls of 27 cotton cvs. were inoculated 
with P. ultimum. Disease severity was rated after 7 days at 18°C. There was a 
small but measurable difference in susceptibility. 8 cvltivars were significantly 
more resistant, and 2 were more susceptible, than Stoneville 603. Delcot 277 
was more susceptible than Stoneville 603 at 18 or 20°C. Tarabein et. al. (1979) 
reported the damping-off and fi^iit rot of certain cucurbitaceous plants in Iraq. 
Pythium aphanidermatium and Fusarium solani caused the disease of squash 
and cucumber. These were newly reported disease. Similarly Liu (1980) 
observed the Pythium root-rot of sugarcane in Puerto Rico. P. aphanidermatum 
and P. deliense were frequently isolated from fields on the south coast v^ere 
ratoon stunting was also observed. P. acanthicum, P. butleri, P. echinocarpum, 
P. graminicola, P. oUgandrum and P. periopJasm were also isolated and all 
were pathogenic to cv. PR1152 in lab and glasshouse test, only 
P. aphanidermatum significantly reduced dry weight of top and root growth of 
PR1085. Rahimian et. al. (1979) observed the biology of P. aphani dermatum; 
the intact of cucurbit root-rot and damping- off in Pars province of Iran. 
Kageyama et. al. (1982) observed the survival structure of Pythium spp. 
in the soil of bean fields. The propagules of P. acanthoporon, 
P. paroecandrum, P. spinosum and Pythium spp. v^ch survived in organic 
matter and /or soils zoospores or Zoosporangia. Sida et. al. (1983) observed the 
influences of soil moisture on the incidence of damping-off of cucumber. 
Seedling growth was considerably affected by infections at 55% moisture. In 
contrast damping-off caused by P. aphanidermatum was more severe and high 
populaion of the fimgus was maintained in soil at 95%moisture. The effect of 
the soil moisture on disease incidence caused by P. aphanidermatum was 
evident only in the early stages of growth. 
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Watanabe (1983) studied the distribution of Pythium aphanidermatum 
and its significance in Japan. He isolated fungus fi'om the roots of 11 plants 
samples including cucumber, eggplant, tomato, spinach, Brassica spp. and 
Chinese cabbage using cucumber and lupin seeds as bait let to its detection in 
52.4% of 21 samples fi-om the Rukyn Islands in 48% of 25 fi-om Kyushu and in 
14.8% of 27 firom Tohaku. The pathogenecity of 10 isolates to cucumber and 
bean seedUngs was demonstrated at 28-33°C and also at 18-23°C. Thus this 
fimgus may be more widely distributed than was previously believed. 
Stanghellinii (1983) observed the distribution of Pythium 
aphanidermatum in rhizosphere soil. P. debaryanm is reported causing wilt of 
watermelon grafted on bottle guard {Legenaria sicerania) by Tominaga et. al. 
(1983). Watermelon grafted, on squash plants were not infected. Sumner et. al. 
(1983) reported the rot diseases of cucumber in irrigated multiple cropping 
systems with pest management. Cucumber was planted in each of 6 years in a 2 
year of multiple cropping sequences of turnip- groundnut cucumber-tumip-
cucumber-soybean with 4 types of soil pest management. Root disease and post 
emergence damping off were caused primarily by P. aphanidermatum, 
P. irregulare and Rhizoctonia solani AG-4. 
Hall (1983) observed the Pythium root-rot of v^te bean in Ontario. 
Pythium spp. were isolated fi'om 35% of stem and 15% of root lesion on 
bean {Phaseolus vulgaris), plants. Other spp. commonly isolated were 
P. spherical (stem 69%, 50% root), P. paroecandrum (stem 5%, root 32%), 
P. selpingophorum (23%, 12%) and P. rostratum (2%, 4%), P. uhimum, 
P. oligaudrum and P. arrhenomanes were rare (1% or less of isolates). In 
pathogenecity tests, all tested isolates of the common spp. caused rotting of fine 
roots similar to that observed in the field, but few caused stem rotting 
Alvarez et. al. (1984) identified the fimgi causing the root-rot on 
chickpea (Cicer arictinum L.) Of 32 isolates from 180 samples collected in 
various region in Chile, 70 were Fusarium, 15 Rhizoctonia, 10 Pythium, 5 
Botrytis and 5 Sclerotinia. In pathogenecity tests, Fusarium caused wilt, leaf 
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chlorosis and root-rot, Pythium spp. pre-emergence damping-ofF and root-rot, 
chlorosis and wilt in seedlings and R. solani pre and post emergence damping-
ofF and severe root-rot with foliar symptoms, followed by death of seedlings. 
Bakhariev (1984) introduce a new disease of cucumber, caused by 
Pythium cucumerinum, isolated from glass house cucumber in Bulgaria in 
1983. Infected leaves showed round pale green spots, 4-5 cm diam. The leaf 
tissue became soft and the leaves died. The fimgus grew well at 20°C. 
Kusunoki et. al. (1984) observed the relationship between density oi Pythium 
butleri zoospores and infection of cucumber seedUngs. 
P. aphanidermatum was isolated from mature plants of cucumber in 
glasshouse as reported by Nowsicki (1985). The fimgus has described for the 
first time in Poland. Inoculation was successfiil on plants from the seedling 
stage until the begiiming of harvesting; at temperature less than 30°C all 17 
cultivars tested were susceptibl. Abdel latif e/. al (1985) studied on soft-rot of 
cucumber fiiiits caused by Phytophthora drechsleri and Pythium butleri and 
were highly pathogenic to fiiiits of cucumber, honey dew melon, marrow sweet 
melon, and watermelon. Both pathogens caused pre and post emergence 
damping-ofif of the cucurbitaceous plants and P. butleri was pathogenic on all 
post emergence seedling tested. Naiki et. al. (1986) noticed the Pythium spp. 
causing damping-ofif of spinach seedhngs under plastic house cropping. Both 
species P. aphanidermatum and P. paroecandrum caused severe pre and post 
emergence damping-ofif of spinach in pathogenecity tests, and both were 
pathogenic to cucumber, pumpkins, watermelon, kidney bean (Phaseolus 
vulgaris) and soybean. Lourd et. al. (1986) studied the qualitative and 
quantitative test of pathogenic Pythium spp. in soils of Manaus region using a 
biological test. Pythium spp. were detected in soils not affected by flooding, 
cultivated soils and primary forests and infectivity being always higher in 
cultivated soils because of the presence of P. aphanidermatum which was 
highly pathogenic to cucumber used in the biological test. 
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Lourd et. al (1987) again did the qualitative and quantitative analysis of 
pathogenic Pythium spp. in soils of Manaus region H, Varzea soils. All 41 
sample examined were infested by Pythium (85%). Stanghellini et. al (1988) 
reported P intermedium for the first time as a root pathogen of hydroponically 
grown cucumbers. Favria et. al. (1988) observed Pythium spp. associated with 
crown rot of cucumber in British Columbia. P. aphanidermatum, P. irregulare 
and Pythium spp. regularly isolated fi-om infected root crown tissues. Isolates 
were tested for pathogenecity to cucumber in greenhouse and growth chamber 
studies. All 4 species were pathogenic. Pythium aphanidermatum caused much 
damage in the form of death of the plant followed by P. irregulare and other 
Pythium spp. 
Saeed (1990) observed the population dynamics of the fungal incitants 
of root-rot and wilt disease complex of sunflower. Macrophomina phaseolina 
(M. phaseolina), Fusarium oxysporum. F. solani, Pythium ultimum and 
R. solani were isolated from diseased sunflower roots in Etmimia, Assiut and 
Sohag in upper Egypt. The number of isolated varied between locahties and 
depended on the stage of plant growth. 
Studies on the e£fects of different plants raising and growing conditions 
on severity of Pythium infection in artificially inoculated glasshouse cucumber 
on rockwool showed, plants raised at 25°C and at low frequency of watering to 
become more seriously infected than those raised at 19°C and watered 
frequently as observed by Patemotte (1992). After planting out, infection 
severity increased with increasing temperature (19 to 25°C), but frequency of 
watering had no effects on disease development. Disease severity was higher 
vviien Pythium inoculum was appUed on new rockwool slabs than on reused 
infested slabs. Bhatti et. al. (1992) noticed effects of inoculum density and 
temperature on root-rot and wilt of chickpea. 
Kratka (1993) reported the effect of Pythium oligandrum and P. ultimum 
on lAA content and growth of cucumber. Roots of cucumber seedlings were 
treated with mycelium and spore suspension of P. ultimum and P. oligandrum, 
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and changes in the roots were studied over a period of 10 days. Second 
treatment was then applied and changes in the plants were studied during the 
next 14 days. P. ultimum inhibited plant growth and decreased lAA coiUcnt and 
after the second treatment all plants died. P. oligandrum stimulated plant 
growth and increased lAA content, especially after second treatment. 
Chang (1993) investigated and tested the pathogenecity of Pythium spp. 
From rhisosphere of Cinnamomum osmophJocum, eight Pythium spp. 
(P. deliense, P. oligandrum, P. plerioticum P. spinosum, P. splendens, P. 
ultimum var. ultimum, P. vexans and Pythium spp.) were isolated fi-om the roots 
of C. osmophJocum in Taiwan. The pathogenecity tests in the greenhouse 
recorded that P. splendense and P. vexans exhibited 100% infection rate and 
15-30% mortality rate to C osmophlocum, P. deliense had a 40% infection 
while the other species had a low rate of infection (15-35%) and nil mortality 
rate. Wolk et. al (1994) tested the pathogenecity oi Pythium aphanidermatum 
on cucumber. When the inoculum quality was 5x10^ oospores/ pot, root weight 
was reduced from 5.27 gm to 2.07 g Sprout weight from 21.37 gm to 16.72 g 
and sprout length from 26.70 cm to 19.90 cm. Although root weight showed 
the greatest damage caused by P. aphanidermatum. MouUn et. al. (1994) also 
tested the pathogenecity of Pythium spp. on cucumber in peat sand rockwool 
and hydroponics. Thirty nine isolates of Pythium obtained from discoloured 
roots of cucumber and tomato plants in soil less culture were assayed for their 
ability to cause damping-ofif in cucumber seedUngs in sand peat and for their 
pathogenecity in soil less cultures of cucumber rockwool hydroponic solution. 
Isolates of P. aphanidermatum, P. irregulare, P. sylvaticum and P. ultimum 
were highly pathogenic is sand peat, but only P. aphanidermatum strains were 
pathogenic in soil less condition leading to root-decay. 
In Japan browning root-rot of barley caused by Pythium spinosum, 
P. sylvaticum and P. ultimum var. ultimum was reported by Kusunoki et. al. 
(1994). From isolation and pathogeneicty test, P. spinosum was the most 
important pathogen followed by P. ultimum var. ultimum and P. sylvaticum. 
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Larkin et. al. (1995) identified the Pythium spp. associated with alfalfa 
seedlings and studied its distribution and comparative pathogenecity. Root 
system colonization of Lucerne seedlings by Pythium spp. was investigated 
during the first four weeks after seedling emergence at Cooks and New 
Franklin Missouri, USA P. sylvaticum, P. irregulare and P. ultimum caused 
severe pre and post-emergence damping-ofif. Necrosis and stunting of root and 
shoot growth in greenhouse pathogenecity tests were observed. 
The effect of different inoculum densities of P. aphanidermatum on 
disease development in long English cucumber plants grown in recirculating 
hydroponic culture were examined by Menzies et al. (1996). Cucumber plants 
in small recirculating culture systems were inoculated with P. aphanidermatum 
at levels ranging firom 0.22 to 2x10^ c.fu./ 100 litre of nutrient solution. 
Pythium aphanidermatum spread through the nutrient solution and caused 
browning of roots at all inoculum levels. At 2x10^ C.F.U/ 100 Utres all plants 
died between 7 and 28 days after inoculation. Plants inoculated at low levels 
showed reduced growth and yield. 
Different species of Pythium associated with root-rot of 5 vegetables 
(Peas, lettuces, cucumbers, Phaseolus vulgaris and cabbages) were recorded by 
Botha et. al. (1996) as new records fi-om South Afiica. Eight species of 
pythium, namely P. dissotocum, P. sylvaticum, P. spinosum P. irregulare, 
P. aphanidermatum , P. polymastum, P. miyriotylum, P. mamillatum and 2 
heterothallic groups (T. groups and F. groups) were isolated from rotted roots. 
In 1994 and 1995 in Iowa, USA, P. torulosum, was isolated by Zhang et. al 
(1996) from soil and diseased soyabeans. All of the 9 isolates caused 
preemergence damping-off in soyabean and maize and P. torulosum was 
reisolated from diseased tissues. It caused seed-rot and death, root-tip 
discolouration and yellow lesions on the root and hypocotyls bases of 2-week-
old soybean. Mukharjee et. al. (1996) reported the Pythium leaf blight of 
groundnut. Symptoms of leaf blight were observed in groundnut fields in 
Trambay, Mumbai, Maharashtra, India in 1994 and 1995. P. aphanidermatum 
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was isolated from infected leaves and it was thought that it was the first record 
of this pathogn. Kim Jin Won et. al. (1998) isolated a Pythium spp. from roots 
of Usianthus (Eustoma graudiflorum) showing wilt symptoms and reduced 
growth in a greenhouse at Ichan, Kyongeg C-do Korea republic in 1997. The 
isolate was strongly pathogenic vsiien inoculated to roots of Usianthus plants in 
pots. The diseased plants showed typical symptoms of root and crown rot, 
resulting in reduced root and shoot growth wilting of above ground plant parts. 
Wulf e/. al (1998) observed that vsiien hydroporically grown cucumber 
(Cucumis sativus cv. corona) seedUngs were inoculated zoospores of 1 
mycoparasitic (Pythium oligandrum) and 2 pathogenic (P. aphanidermatum 
and Pythium group F) Pythium spp. caused reduction in root length, However, 
roots treated with P. oligandrum quickly reached the length of the control, 
P. oligandrum was not pathogenic on cucumber. Pythium group F and 
P. aphanidermatum were pathogenic to cucumber seedlings. Pythium 'group 
F' had a constant negative influence on root length and plant growth, measured 
as fresh weight. P. aphanidermatum caused generally necrosis of the root 
system, inhibiting consistently root elongation and plant growth and finally 
causing plant death. Pythium 'group F' and Pythium aphanidermatum were 
better root colonizers than P. oligandrum. 
The occurrence of fimgi associated with root-rot and vine decline of 
melon in commercial fields in Cahfomia, USA was surveyed by Aegerter et. 
al. (2000) over three years. The fimgi most frequently isolated from 
discoloured vascular tissue or root-rot were Acremonium cucurbitacearum, 
Rhizopyenis vagum, Monosporuscus Cannabballus, Fusarisum solani, 
Maacrophomina phaseolina, Verticillium dehliae and Pythium spp were 
frequently associated with a wet and brownish root-rot. 
2.3 Rhizoctonia spp. 
Ibrahim et. al. (1977) reported from Egypt that the fimgi associated with 
seedUngs and podrot of peanut in inoculation tests of Rhizoctonia solani and 
Sclerotium rolfsi, which were highly pathogenic to seedlings and plants at 
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fruting stages. Kannaiyan et. al. (1978) studied the reaction of certain cereal 
crop plants to sheath bUght disease of rice. The effect of artificially inoculating 
18 graminaceous crops with Rhizoctona solani was tabulated. The results 
indicated that the pathogen perpetuate in any of these hosts which may serve as 
inoculum sources. Rakvidhyasastra (1978) reported the host range of/?, solani 
pathogenic to the leaves of all the test plants i.e. Eichomia crazies, Hibiscus 
sabdariffa, rice, maize, sorghum, Phaseolus aureus (Vigna radiata), groundnut, 
soybean, cotton and tobacco and also caused post emergence damping-off all 
except Graminae at the seedUng stage. Naiki et. al. (1978) reported grouping of 
R. solani Kuhn causing root disease of spinach in plastic houses cropping fi"om 
June-September. The pathogen occurred most frequently during the earlier 
growth stages of the plant. 
Lakshmanan et. al. (1979) reported the color-rot and web-bUght of 
cowpea caused by R. solani in Kerala. This new disease of cowpea was noted 
when cowpea was cultivated as a fallow crop in rice fields in summer. Perrin 
(1979) reported the rot of beechnuts caused by R. solani Kuhn. The fimgus 
caused decay of the cotyledons, resulting in failure to sprout or death after 
emergence in November and December throughout France. Fukutomi et. al. 
(1979) again processed the ultrastructure of infection of R. solani kuhn in 
cucumber hypocotyls. Attachment of the hyphae on the epidermal surface was 
clearly observed 12 h after inoculation of an isolate of type HI: A in cucumber 
seedUngs. Gudmestad et. al. (1979) observed the effect of harvest date and 
tuber borne sclerotia on the severity oi Rhizoctonia disease of potato. 
Takade et. al. (1980) observed the yearly range on the development of 
sheath bUght of rice plant caused by R. solani. Bose et. al. (1982) studied the 
effect of Aspergillus ochraceous and R. solani on Physicochemical properties 
of sunflower and sesame oil. Deteriorated oil samples showed change in 
colour, iodine value and saponification with prolonged incubation depending 
on the fimgus and substrate. 
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Murray et. al. (1982) studied the penetration of barley root and 
coleoptile surface by R. solani. Ruppel et. al. (1982) observed Rhizoctonia 
root-rot of sugarbeet was remain unaffected by herbicides. Vanzainum et. al 
(1982) studied Rhizoctonia solani kuhn on mung bean. Isolation from infected 
roots and leaves caused severe pre and post emenrgence damping-off and pod-
rot; a seed isolate was less virulent, though dry weight of all inoculated plants 
differed from the control. Venkatasubbaiah et. al (1983) observed the 
importance of inoculum density of R. solani in collar-rot disease of coffee. A 
linear relationship was found between inoculum density or disease expression 
upto densities of 25% above this there was a gradual decline in infection in 
both sterihzed and unsteriUzed soils. Maximum infection (100%) was apparent 
at inoculum densities of 5-25% in sterihzed and 25-50% in unsterihzed soil. 
Abawi et al (1985) reported the Rhizoctonia foUar Wight of cabbage in 
New York state. Bittencourt also in 1985 reported that the most important 
diseases on pea in Federal district was stem and root-rot caused by Rhizoctonia 
solani, wiiich was detected in 54% of the isolations. Plants stands were reduced 
by 13-24%. Sippel et. al. (1985) noticed the Rhizoctonia root-rot of rapeseed in 
the Peace River region of Alberta. Alam et. al. (1985) reported the disease of 
Vigna radiata caused by Rhizoctonia solani for the first time in Pakistan. 
Kinsbursky et. al. (1988) noticed the influence of different soils on inoculum 
density, disease incidence relationships of Rhizoctonia solani. Estimating 
radish seedlings after 3d in soil artificially infested with R. solani assessed 
these relationships. 
Hossain et. al. (1989) reported Rhizoctonia leaf spot on two new hosts 
radish and groundnut. Saeed et. al. (1990) studied on population dynamics of 
the fimgal incitants of root-rot and wilt disease complex of sunflower 
Macrophomina phaseolina, Fusarium oxysporum, F. solani, Pythium ultimum 
and Rhizoctonia solani were isolated from diseased sunflower roots in 
El-minia, Assiut, sohag and upper Egypt. Nishimura et. al. (1991) noticed the 
susceptibiUty of com to Rhizoctonia root-rot and different varieties, 66 foreign 
28 
varieties and 27 inborn lines of maize tested were susceptible to R. solani. 
Sugar beet and maize strains were equally pathogenic to maize and sugar beet, 
but sugar beet strains were more pathogenic to Rhizoctonia. A severe fungal 
infection causing stem and fruit-rot, was recorded in melon cv. Soleado in 
central Italy by Corazza et. al. (1992).Naresh Mehta et. al (1992) observed the 
influence of culture media on the pathogenic behaviour of R. solani and R. 
bataticola on various host plants. Virulent isolates of R. solani and R. 
bataticola (Macrophomina phaseolina) from cowpea roots were entered in 
various media and used to inoculate tomato, cowpea and Lagenaria siceraria 
plants grown in sterilized soil in pots. 
R. solani caused 100% seedling mortality in cowpea, 78.12% in L 
siceraria and 69.25% in tomato. M. phasoeolina caused 92.18% disease in 
cowpea, 71.87% in tomato and 62.3% in L siceraria. Severe attacks by R. 
solani on Kohkabi were observed by Stranato et. a?.(1994) in province of 
Latina, Italy during the spring of 1992-93. The fiingus caused root and stem rot 
and caused loses upto 20% of the crop. This was the first report of ^. solani on 
Kohlrabi in Italy. Isolates of the fiingus were pathogenic to Kohlrabi vviien 
inoculated artificially. Kamlesh Mathur et. a/. (1995) reported Rhizoctonia 
solani, a new pathogen in chilli in Rajasthan, India. They noticed that 80% 
Capsicum plants were affected by Rhizoctonia solani during March-April for 
the first time. 
Factors affecting the viabiUty of sclerotia and mycelia of R. solani on 
rice were studied by Basu et. a/.(1995) and Channa et. al. (1995) studied on R. 
solani kuhn causing root-rot of lentil.i?. solani was isolated from infected lentil 
roots and in vitro pathogenecity tests, 100% infection was recorded. Sunder 
et. al. (1996) observed the effect of age and quality of inoculum, temperature 
and pH of substrate on the pathogenic behaviour of R. solani on cowpea and 
cotten. It was noted that R. solani was more pathogenic to cowpea than cotton. 
Increase in inoculum from 50 to 200 mg/pot resulted in an increase in seedUng 
mortahty. Pathogenecity of the isolates with an increase in the age of inoculum 
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at 25-30°C temperatures and 6.5-7.5 pH produced maximum disease on cowpea 
and cotton. 
Maize yield losses caused by sheath-blight (/?. solani) was determined in 
20 varieties or combination in various parts of Jiangsu, China by Lianji Narg 
et. al. (1997). Result showed that yield losses ranged from 5.62-59.62%, were 
significant and linearly correlated with the severity of the disease. Yield losses 
increased as disease severity increased. Fungal pathogens were isolated from 
plants and seeds of chickpea cultivar Aziziye-94 (developed for possible large 
scale production in Eastern Anatolia in Turkey) and their pathogenecity was 
tested individually or in combinations in pot trails under controlled 
environmental conditions by Demirci-E et. al. (1999). Fusarium solani f.sp. 
pisi and R. solani were the most pathogenic species A^viien inoculated alone or in 
combination with other species. They caused substantial reductions in seedlings 
emergence, plant dry weight and height. 
2.4 Interaction of root-rot fungus and Nematode 
Plant pathogens and environment form the disease triangle and the 
outbreak and intensity of disease depends upon the mutual interaction of these 
components. This is true with mono pathogenic condition, v^ch is very rare in 
nature. Disease complexes involving nematodes and other microorganisms are 
common in nature. In the complex, biotic enviroimient of soil, the pathogens 
always influenced by associated microorganisms. Root system irrespective of 
the nature of plant species, is constantly exposed to abiotic and biotic factors 
including soil-inhibiting micro-organisms v^ch develop several kinds of inter 
relationships among themselves. Such association may be beneficial/ 
deleterious to plants. Disease syndromes resulting from root diseases are often 
caused by microbial interactions. The fact that plant parasitic nematodes 
interact with other pathogens has been observed as early as in 1892.While 
working on cotton, Atkinson reported that there was greater damage as a result 
of interaction of root-knot nematodes Meloidogyne spp. and wilt fungus. 
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Considerable studies have been made on the interaction of nematodes 
with fungal pathogens and the hterature has been reviewed from time to time 
(Miller 1965, Pitcher, 1965, PoweU et. al 1971a, Pitcher 1978, Sikora 1987, 
Webster, 1985, Swamp, 1990). However pitcher (1965) classified the 
interaction between nematodes and other fungi as: 
• Vectors of pathogens capable of self-estabUshment once in contact with 
the host. 
• Vectors of pathogens incapable of self-estabUshment unless introduced 
below the host epidermis. 
• Mechanical wound agents. 
• Providers of necrotic infection courts 
• Modifier of substrates. 
• Breaker of disease resistance. 
• Deterrents of plant diseases. 
Plant parasitic nematodes have principal role in many interactions, often 
making plant roots more susceptible to invasions and parasitism by other soil 
inhibiting micro-organisms (Hussey and McGuire 1987). Several possibilities 
have been suggested by different workers by wiiich plant parasitic nematodes 
interact with other microorganisms. The Uterature on this subject has been 
extensively reviewed by several authors (Bergeson, 1972; Hirano, 1975; 
Powell, 1979; Taylor, 1990, Khan, 1993; and Ghoneim et. al 1997), which 
firmly establish the involvement and role of plant parasitic nematodes in 
interactions with other microorganisms. 
Interaction between fungi and nematode have been recognized since 
1892, wiien Atkinson reported that Fusarium wilt [Fusarium oxysporum fsp. 
vasinfectum (Atk.) Synder and Hansen were more severe in presence of root-
knot nematodes (Meloidogyne spp.) than in their absence. Several workers have 
reviewed the work on interaction of plant parasitic nematodes with fung on 
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various crops (pitcher, 1978; Powell, 1971 a, 1979; Bergeson 1972; Riedel, 
1988; Hasan, 1993, Francl and Wheeler, 1993; Evans and Haydock; 1993; and 
Ghonein et. a/. 1997). Nematode-fungus interaction has been classified in 
number of ways and the roles played by nematodes in such interactions have 
been examined thoroughly. Powell (1971a) classified the nematode-fungus 
interaction on the basis of symptomatology of the disease caused by fungi into 
following three types. 
1. Nematode-fungus wilt disease interactions. 
2. Nematode-fungus root-rot disease interaction. 
3. Nematode-fungus seedling disease interactions. 
Although the involvement of nematode-fungus disease complex 
situation is widespread and literature is quite extensive, in the present study the 
review of literature is confirmed to the interactions involving nematodes and 
root-rot fungi, and is further categorized on the basis of nematode parasitism 
(i.e. with endo, semi endo and ecto-parasitic nematodes). 
The root-rot fungi constitute a category of pathogens wiiere considerable 
work has been carried out with respect to their interaction with nematode 
though not to the extent of wilt fungi-nematode complex. Prominent amongst 
the root-rot fungi are species of Rhizoctonia [R. solani (kuhn), R. bataticola 
(Taub) Butler, Pythium (P. aphanidermatum (Eds.) Fitz, P ultimum Trow, 
Fmarium [F. solani (Mast) App. Wollen)], Phytopthora parasitica Dastur, 
Sclerotium rolfsii (Sacc). and Colletotrichum coccades (Wallr.) Hughes that are 
known to interact with different plant parasitic nematodes. The role of 
nematodes in root-rot disease, in general is assisting the fungus pathogen in 
pathogenesis and increasing host susceptibiUty. 
The fi-equency of involvement of nematodes and fungi in disease 
complexes is reflected in number of crops fi^om wiiich such complexes are 
recorded. Amongst the different plant parasitic nematodes of economic 
importance the root-knot nematodes (Meloidogyne spp.) have been thoroughly 
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studied and commonly found involved in synergistic interactions with root-rot 
fungi. Sterner (1942) for the first time realized and discussed the importance of 
root-knot nen^tode with respect of plant necrosis in presence of root-knot 
nematode and root-rot fungi on different crops. 
A number of such studies underhne the significance of nematode 
infected tissues in wWch the fungi pathogen derives aggressiveness and 
becomes more pronounced. The root-knot nematode, M. incognita have been 
found to predispose the plant roots for secondary infection (fungal attack) 
resulting in the greater damage of plants by way of root decay and the disease 
caused by fungal pathogens become more pronounced and may appear earlier 
wiien plants are infected with nematodes. 
Reynold and Hansen (1957) reported greater severity of post-emergence 
damping-off in cotton caused by Rhizoctonia solani in the presence of 
M incognita acrita Chitwood, 1949. Norton (1960) observed that pre-
emergence damping-off of cotton caused by Fusarium oxysporum, f.sp. 
vasinfectum (Atk) Synder and Hansen, Pythium debaryanum Hesse and R. 
solani, showed more destruction in the presence of M incognita acrita than 
caused by eitiier pathogen alone. White (1962) and Brodie (1962) reported a 
synergistic effect of R. solani, P. debaryanum and root knot nematodes in 
seedling disease complexes of cotton. 
Powel and Batten (1967) observed that R. solani increased the severity 
of disease in tobacco vsiien present in combination with M.incognita, though 
fungus alone is not an important pathogen especially after plants have crossed 
Juvenile stage. In galled roots, necrosis due to fungus was extensive, resulting 
in yellowing and stunting of above ground plant parts. 
Nava et. al. (1970) found decay in tomato roots only when M. incognita 
was added several weeks ahead to either of fungus R. solani or P. ultimum. In 
the roots both R. solani and P. ultimum were present along with M incognita. 
The R. solani appeared to be more aggressive than P. ultimum. Cauquil and 
Shepherd (1970) reported that concomitant inoculation of root-knot nematode 
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(M Incognita) with Alternaria tenuis Nees, Fusarium oxysporum f.sp. 
vasinfectum, Glomorela gossypii, and Rhizoctonia solani kuhn synergistically 
increased the severity of the disease of cotton seedHngs. Batten and Powell 
(1971) reported that vviien M incognita inoculation preceded R. solani 
inoculation by atleast 10 days, the M incognita susceptible tobacco cultivars 
Dixie Bright 101 and Coker 316 exhibited more severe root-rot than when 
nematode and fimgus were inoculated simultaneously. 
Golden and Vangundy (1972) studied the interaction of M. incognita 
with R. solani and Thielaviopsis basicola Zopp on tomato and reported that 
M. incognita induced changes in the permeabiUty of infected tomato roots 
resulting in increased leakage of electrolytes and organic compounds which 
consequently increased growth of both the fungi. Radewald et. al. (1974) 
observed that root retardation and root deterioration was more when 
M incognita was present with Pythium ultimum or R. solani on Dichondra 
repens. Hazarika and Roy (1974) studied the effect of R. solani on the 
reproduction of M. incognita on eggjlant and reported that the two pathogens 
acted synergistically in causing plant damage but in the presence of fungus 
nematode reproduction was enhanced. Similar results were also obtained by 
Varshney (1982) on cowpea, when inoculated with M. incognita and R. solani 
Azam (1975) reported that Colletotrichum atramentarium (Break and Br.) 
Taub; a week pathogen, greatly damaged ega)lant roots and reduced plant 
growth wiien inoculated simultaneously with root-knot nematode. 
Few studies have attempted to elucidate the physiological basis of 
nematode-fungus interaction. It has been shown, however, that exudates from 
nematode infected roots accounted for an interaction between M. incognita and 
R. solani which produced a disease complex on tomato and okra (Golden and 
Vangundy, 1975). Galled roots of field grown tomato and okra infected with 
M incognita were more susceptible to infection by R. solani than non galled 
roots on the same plant. Fungal sclerotia developed only on the surface of the 
galls and the first symptom of root decay appeared four weeks after initial gall 
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formation. Roots decayed only when the fungus and nematode were present 
together. The fungus initially colonized the giant cells, which were destroyed in 
two, or three days before invading other root tissues. In the same study Golden 
and Vangundy (1975) reported that R. solani responded to stimuli, which 
originated from nematode infected roots and passed through semipermeable 
cellophane membrane, by producing sclerotia on the membranes just opposite 
the galls. The leakage of nutrients from the roots attracted the fungus to the 
galls and initiated sclerotial development. 
The role of exudates emanating from galls in this interaction was 
confirmed when it was shown that no decays occuned if roots inoculated with 
R. solani resulted in severe necrosis. Exudates increased between 3 to 14 days 
after nematode infection with carbohydrates being the principal constituents 
whereas after 28 days, nitrogenous compounds increased in the exudates of 
infected plants. The change in the carbon/nitrogen ratio of gall exudates after 
28 days, favoured parasitic rather than saprophytic development of the fungus. 
This work illustrated the role of primary nematode pathogen in altering root 
exudates to favour the parasitic development of the fungus. Azam et. al. (1977) 
reported that extracts of root-knot nematode infected roots when incorporated 
into agar medium resulted in significant increase in radial growth of R. solani, 
Pythium spp. and Colletotrichum atramentarium in comparison to extracts of 
healthy roots. The radial growth of all the three fun^ was highest in a medium 
having extracts obtained from roots inoculated with 5000 larvae. Chabra et. al. 
(1977) reported that association of M incognita with R. solani caused highest 
reduction in root and shoot growth of okra, when the plants were 
simultaneously inoculated with both the pathogens. 
Vangundy et. al. (1977) observed that root exudates and other nutrient 
metabolites, secreted from galled tissues of tomato which were infected by 
M incognita, caused severe root-rot in association but when used alone no 
root-rot occurred. Root exudates contain increased amount of carbohydrates in 
comparison with those from iminfected roots. Galled roots also contained 
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increased quantities of protein and amino acids. These changes in concentration 
and composition of organic substances in the soil doubtlessly influenced the 
attraction and growth of the fungus and enhanced its ability to penetrate into 
roots. When root leachates from infected roots were removed by trickle 
irrigation, root-rot did not develop. 
Chabra et. al. (1978) reported that combined inoculation of R. solani 
and M incognita on okra plants grown in sandy loan and or sandy clay loam 
soil caused heavy reduction in plant growth than either the pathogen alone. In 
french beans simultaneous inoculation of M incognita and R. solani caused 
maximum reduction in plant growth. Sharma et. al (1980) reported that 
M incognita and R. bataticola, when inoculated simultaneously, had 
synergistic effect on root-rotting of okra plants. They further reported that 
biochemical analysis of okra roots revealed large accumulation of total 
phenols, proteins and proline in the roots infected with M incognita alone and 
in combination with R. bataticola over the healthy roots. A pronounced 
increase in proline contents was observed in M incognita and R. bataticola 
infected roots than in roots infected with M incognita alone. 
Carter (1975) reported that concomitant inoculation of M incognita 
with R. solani caused more damage than caused by either pathogen alone. They 
further suggested that the nematode provided additional penetration sites for 
the fungus since the two organisms attack spatially separate tissues. Hypocotyls 
wounding and infection by M incognita were independent in enhancing the 
seedlings disease of cotton caused by R. solani, as localized effect was 
produced by hypocotyls wounding, but the systemic effect was induced due to 
infection of M. incognita. Chabra and Sharma (1981) studied the effect of 
M. incognita and Rhizoctonia bataticola on germination of eggplant and okra 
seeds and reported greater reduction in seed germination when both 
M incognita and R. bataticola were present together than in case of either 
pathogen alone. 
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Raut (1983) reported that prior establishment of M. incognita to 
R. hataticola had a synergistic effect on the growth, However, adverse effect of 
the nematode was mitigated to a great extent by establishment of either of the 
fungus, but establishment of nematode prior to R. hataticola had synergistic 
effect on reducing top growth. Inoculation of M incognita three weeks prior to 
R. solani significantly reduced the plant growth of tomato in comparison to it 
reverse condition (Chahal and Chhabra, 1984). This was attributed to the 
predisposition of seedling roots by nematode for subsequent damage caused by 
R. solani. Similarly in sugrabeet, M incognita, P. ultimum and R. solani were 
found to reduce the growth of seedlings but maximum reduction was seen 
when plants were inoculated with M incognita followed by P. ultimum or R. 
solani or P. ultimum+ R. solani (Pandey 1984). 
Husain (1985) reported loss of resistance to M. incognita in two chilly 
cultivars, Jowala (resistant) and longthin Faizabadi (moderately resistant) 
infected with R. solani or P. aphanidermatum. Similarly in other greenhouse 
study it was found that tomato cultivars could loose resistance to M incognita 
in presence of R. solani and Sclerotium rolfsi (Hasan and Khan, 1985). 
Lanjewar and Shukla (1985) reported that rotting of ginger roots by 
P. myriotylum Drechsleri was equally severe in presence or absence of 
M incognita but the presence of fungus decreased nematode reproduction. 
Al-Hazmi (1985) found increased severity of root-rot in two french bean 
cultivars when M. incognita was introduced prior to Macrophomina phaseolina 
(Maub 1) Ashby, but nematode reproduction was adversely affected when 
fungus was introduced first. 
On cowpea, M incognita interacted with R. solani and reduced plant 
weight and greater damage occurred if the nematode infection was established 
before inoculation of the fungus (Varshney et. al 1987). Similarly on white 
jute plants combined inoculation of M incognita and R. hataticola markedly 
increased the incidence of root-rot as compared to either organism alone 
(Mishrae^ al. 1988). 
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Khan and Hussain (1988a) reported that individually R. solani was the 
most aggressive pathogen of cowpea foUovyred by M incognita, but the 
association of R. solani caused greater reduction in plant growth of bacterized 
plants when inoculated simultaneously with nematode and fungus. On the other 
hand there was significantly less reduction when fungus preceded nematode 
inoculation R. solani reduced the rate of nematode multiplication in all 
combinations as compared to nematode alone. Inoculation of cowpea with M. 
incognita and R. solani led to breakdown of resistance to both the organisms 
(Khan and Hussain 1989a) and a higher decrease in plant dry weight occurred 
when the lower inoculum levels of M. incognita were used with higher 
inoculum levels of R. solani. However, R. solani irrespective of inoculum level 
inhibited the multiphcation of nematode (Khan and Hussain 1990a) and 
restricted its penetration in roots (Khan et. al. 1992). 
Pandey and Singh (1990) reported that R. hataaticola and M. incognita 
inoculated on chickpea {Cicer arietinum) either singly or concomitantly 
showed significant reduction of plant growth in pots. Tomato (Srivastava and 
Singh, 1991) and chilli (Kumar et. al.1992) have also been found to suffer by 
the effects of disease complexes involving M. incognita and R. solani, with 
great damage occurring when both the pathogens were inoculated 
simultaneously. Ali and Venugopal (1992) together studied the interaction 
between M incognita and R. solani on damping-off or rhizome rot disease of 
cardamom seedlings in India. Plants were killed vsdien both the pathogens were 
present together but not by either pathogen alone. Effect of individual and 
concomitant inoculation of Rotylenchulus reniformis, M. incognita and 
R. solani on the nematode penetration in cowpea roots was noted by Khan 
et. a/. (1992). The presence oi R. solani adversely affected penetration of both 
the nematode species. 
A greenhouse trial was conducted by Anwer et. a/..(1994) to determine 
the basis for antagonistic interaction between Rhizoctonia and Meloidogyne 
incognita on soyabean {Glycine max) cv.Clark-63. Greater inhibition in root 
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penetration by M. incognita, development of females, galling and nodulation 
occurred with simultaneous inoculation oiR. solani andM incognita than prior 
and later inoculation of nematode. Physiological studies also showed the 
significant alteration in chlorrophyll a and b, protein, oil and nitrate reductase 
enzyme of soyabean. Similarly Walia et. al. (1994) observed the interaction of 
R. solani and M javanica on tomato. Shahzad & Ghaaffar (1995) studied the 
effect of M incognita on colonization of R. solani on mung bean roots in Pot 
experiment and found that the colonization of mung bean roots {Vigna radiata) 
by R. solani increased in presence of M incognita in soil. Root colonization by 
R. solani was related with the population of the fungus in the soil. 
Interaction between root-knot and root-rot on olive trees was reported by 
Ghoneim et a/.(1996). Olive trees and seedlings grown at Islamia, Nairobi, 
Giza, and Fayoum, Egypt, showed a highest rate of infection with root-rot, 
while root-knot infection was abundant at Nairobi, Fayoum, and Ismailia. 
Among the nematodes isolated from olive roots, M.incognita was more 
prevalent on diseased roots and increased the severity of fungal root-rot. Kumar 
et. al. (1997) recorded the effect oiM.incognita, Rotylenchulus reniformis and 
Rhizoctonia solani on brinjal. The growth characters were adversely affected 
by all the three pathogens when inoculated alone or in combination. The 
greatest loss was \^iien all the three pathogens were combined, followed by a 
combination of both the nematodes. 
Cham et. al. (1998) observed the effect of interaction between 
M.incognita,F.oxysporum and R. bataticola on chickpea. The combination of 
nematode and fungj caused more severe disease and yield loss. Reduction in 
plant growth, the severity of root-knot and wilt incidence were greater in 
combined treatments as compared to the pathogen alone. Similar influene of 
certain rhizosphere fungi together with R. solani and M incognita on 
germination of (Pusa Ruby) tomato seeds was observed by Rekha & Saxena 
(1999). All the test fungi adversely affected the seed germination of tomato in 
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combination with R. solani and M incognita in the order (least severe first) 
A. flavus<P.vrmiculatum<E. purpurascens<Rhizopus stolonifer. 
2.5 Seedling-rot fungus and Nematode 
Pathogenecity of Pythium aphanidermatum to chrysanthimum in 
combined inoculation with BeJonolaimus Jongicaudatus or Meloidogyne 
incognita was studied by Litterel et. al. (1969). Iceberg chrysanthemum plants 
inculated with Pythium aphanidermatum and BeJonolaimus Jongicaudatus or 
MeJoidogyne incognita showed Pythium disease symptoms earlier and were 
more severe, wiien plants were inoculated with the fungus alone. A significant 
reduction in plant weight and higher disease ratings were recorded for plants 
inoculated with P. apJtanidermatum and B. Jongicaudatus than in plants 
inoculated with the fungus and M inocognita. Similar results were obtained 
when fungus were delayed 7 days after nematode inoculation. 
Whitney (1974) used factorial glasshouse experiments to investigate the 
effect of Pythium uJtimum and P. apJtanidermatum wdth and without 
Heterodera scJtachtii on root-rot of sugarbeet. One in 4 yield tests, revealed a 
significant synergistic interaction between P. uJtimum and H. scJiachtii on 
yield. Synergistic interactions of P. myriotyJum with Fusarium solani and 
Meloidogyne arenaria on pod-rot of peanut was observed by Gracia et.al 
(1975). Peanut pod-rot was more severe when pods were exposed to soil 
containing combinations of Pythium myriotylum and Fusarium solani or 
M. arenaria than when pods were exposed to P. myriotylum alone. Only 
P. myriotyJum alone caused significantly more pod-rot than that observed in 
controls. 
Valle Lamboy et al. (1980) tested the pathogenecity of M incognita and 
Pratylenchus zea and their association with Pythium graminicola on roots of 
sugarcane in Puerto Rico. Combined action of both the nematodes on cv. PR 
890 was less severe than when only one nematode was present, but both 
reduced the number of intemodes significantly. P. graminicola alone reduced 
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the height of primary shoots but had a greater effect with each nematode 
separately. 
An interaction between Pythium myriotylum and Meloidogyne incognita 
on ginger was observed by Lanjewar et ah (1985) and resulted in fungal 
antagonism against the nematode in the rhizosphere, though the infection by 
fungus and infestation by nematode existing concomitantly did not affect the 
disease syndrome. The role of the R. solani and Pythium aphanidermatum was 
investigated by Hasan (1985) in the breakdown of resistance to M incognita in 
Capsicum annum cultivar Jowala and Longthin Faizabadi respectively as 
resistant and moderately resistance to this nematode, when either of the fungi 
were inoculated simultaneously or later than the nematode, there was a 
breakdown of resistance of Jowala and Longthin Faizabad to M. incognita. 
On chilli, Meloidogyne incognita interacted with Fusarium solani, 
Pythium aphanidermatum and Rhizoctonia solani to reduce plant weight. (Mani 
and Sethi, 1987). Although ginger was susceptible to root rotting caused by 
P. aphanidermatum or F. solani, prior infection with M. incognita appeared to 
prevent rotting caused by P. aphanidermatum, wiicreas, the rotting caused by 
F. solani become more severe (Doshi and Mathur 1987). 
Vadhera et al (1992) observed the inter-relationship between Pythium 
aphanidermatum causing soft rot and Meloidogyne Javanica causing root-knot. 
There was a progressive cessation of plant growth with the increase of the 
inoculum level of root-knot nematode. Synergistic action due to combined 
effect of Pythium aphanidermatum and the initial level (1000 J2) of nematode 
was seen when the fungus was inoculated after seven days of nematode 
inoculation, but a higher inoculum level more than IOOOJ2 delayed the disease 
by five days. Intensity of soft -rot and root-knot complex was closely 
interdependent on inoculum levels of the nematode and fungus separately and 
simultaneous inoculation of fungal and nematode pathogen. 
Ramana et. a.l (1998) reported the effect of Meloidogyne incognita, 
Pythium aphanidermatum and Ralstonia solanacearum, alone and in 
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combination in ginger. M. incognita caused 29.6% to 33.35% yield loss at 
pi= 0.2 to 2.0/100 c.c. soil. It had synergistic effect in rhizome rot/soft rot of 
^nger particularly when nematode was inoculated to the plants prior to fungal 
inoculation. The damage to the crop was greater, and the onset of the disease 
was early when M. incognita was inoculated 40 days prior to fungal 
inoculation. 
Influence of Meloidogyne incognita infection on incidence of Pythium 
aphanidermatum in tomato cv. Pusa Ruby was observed by Ali-Anwar et aJ. 
(1998). Disease incidence caused by P. aphanidermatum in tomato cultivar 
Pusa Ruby was much greater in plants inoculated with root knot nematode + 
fungus than inoculated with the fungus alone. Fungal infection at various 
inoculum levels caused greater reduction in the length and weight of shoots and 
roots than to the nematode alone. Sequential inoculation of both pathogens 
irrespective of time interval, caused greatest reduction in plant growth. The 
maximum reduction in plant length and weight was recorded when 
M incognita+ P. aphanidermatum were inoculated simultaneously. The results 
also showed that the decrease in nematode multiplication were proportional to 
the fungal inoculum. 
Interaction between Pythium aphanidermatum and M. incognita in cliilli 
and brinjal was reported by Karthikeyan et dl. (1999). Capsicum annum and 
aubergine plants were inoculated with P. aphanidermatum and M. incognita in 
field experiment in Tamil Nadu. Both the pathogens were inoculated separately 
and in combination. The number of normal seedlings was counted weekly and 
the nematode gall index was determined. Damping off of chilli and aubergine 
seedlings was hi^est when the fungus and the nematode were inoculated in-
combination. Pre-emergence damping-off was 32.7 and 47.66% and post 
emergence damping off was 38.9 and 53.1% in chiUi and aubergine 
respectively. The dry shoot weight was greatly reduced in both fungus and 
nematode inoculated plants. A drastic reduction of plant stand was caused by 
the interaction of the fungus and the nematode. The highest gall index was 
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observed in plant beds inoculated with M. incognita alone, followed by those 
treated with simultaneous inoculation of M incognita and P. aphanidermatum. 
2.6 Particulate air Pollutant and their effect on plants 
In India there are 83 coal fired thermal power plants. The coal used in 
India is of mostly sub-bituminous type, followed by bituminous and lignite 
(brown coal), which contain high amount of ash content along with sulphur. 
Burning of large quantity of coal in thermal power plant release huge amount 
of fly ash, gases and volatile minerals into the atmosphere, while non 
combustible mineral matter retained in the bottom ash. Ash contents in coal 
consumed in the thermal power station is responsible for the emission of 2-3 
thousand tons of fly ash per day and about 0.8 million tons suspended 
particulate matter per year. 
The pollutants called particulate matter are conglomerate of chemically 
heterogeneous substances. The major air pollutants in developing countries is 
particulate matter which include coal dust, fly ash, lime dust, cement dust, soil 
dust and matter fi'om various types of metal processing etc. They are the 
products of coal, cement, combustion of coal, gasoline and fuel oil, lime kiln 
operation, incineration, wrong agricultural practices, volcanic eruption 
transportation and construction etc. In developing countries particulate air 
pollutants are the major problem. In India 40-44% air pollutants are of 
particulate type (Das 1986). 
During the burning of coal, oxides of carbon, sulphur and nitrogen and 
particulate matter are formed. Among particulate air pollutants, fly ash is most 
important with regard to its amount of production. Formation of fly ash 
depends primarily on the ash content of coal. Pulverized bituminous or sub-
bituminous coal used in India, contain 25-40% ash, leading to formation of 
about 60 millions tons fly ash annually. Fly ash is grayish, powder waste and 
its ecofriendly disposal and gainful utilization is one of the most serious issues 
for the environmentalists and planners do face today, because in India around 
4000 hectare precious land is needed aimually to dispose of fly ash (Lai, 1994). 
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In view of presence of numerous vital plant nutrients, agronomic use of fly ash 
being explored. Some toxic elements are also present in fly ash, which may 
influence microbial activity in soil. A few in formations are available on this 
aspect, which reveal both favorable and adverse effects of fly ash. 
Constituents of Fly ash 
Fly ash comprises finely divided particles of ash on entrained in fuel 
gases arising firom combustion of coal. The size of particles may vary from 
0.02\i to over 300^ .It contains incompletely burned coal and the carbon 
contents of fly ash, may vary from5-20%. Although some samples may 
contains as higher as 50%. A large number of minerals such as SiOz, AI2O3 
.FejOs ,CaO, MgO, SO3, K2O+N2O, P2O5, Sn02 and traces of Ni, Be, V, Hg, 
Se, Mn may occur in fly ash (Bhatia et a/. 1978). Kamath (1979) by using 
instrumental neutron activation analysis determined the concentration of 17 
elements in coal and corresponding fly ash (Na, K, La, Ce, Hg, Tb, Th, Cr, Hf) 
collected from stack precipitators of power plants. 
X-ray studies show that fly ash obtained from the Thermal power plant 
station of Harduaganj (near Aligarh U.P. India) is basic in nature. It consist 
predominantly quartz, alumina, silica and traces of chromium, cupper, 
maganese, nickel and zinc (Majumdar and Mukharjee, 1983; Flukegel et al 
.1983). Analysis of fly ash from thermal power plant, Kasimpur (now known as 
Harduaganj) was done by Pasha et al. (1991). Total organic carbon and total 
nitrogen were 0.07% and 0.05% respectively. Total metal analysed were Pb 
(27.56ppm), Ni (6.90ppm), Mn (22.8ppm), Co (3.82ppm), B (21.71ppm), Cu 
(1.52ppm), Cr (13.91ppm), Cd (0.24ppm), K (722.20ppm), Zn (3.04ppm), Fe 
(2.43ppm) respectively. The concentration of K, Pb, Mn, and B were higher 
than other metal elements. According to Sawell et a/. (1989) fly ash contains 
relatively moderate concentration of cadmium and copper and much higher 
concentration of aluminium, lead and zinc. In another estimation, fly ash 
samples contained greater amount of various trace elements, including Cd, and 
Pb and other metals such as Co, Ca, Fe, Mn, Mo, Ni, and zinc (Wong and 
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Wong, 1989). Several nutrients essential for plant growth were present in fly 
ash in appreciable amount (Negi and Meenakshi, 1991). Khan & Khan (1996) 
found higher concentration of boron, calcium, copper, magnesium, magnese, 
phosporus potassium etc. in fly ash collected from a coal fired thermal power 
plant. Fly ash application in soil may increase pH, electrical conductivity and 
cation exchange capacity and concentration of boron, selenium, sodium, and 
sulphate (Shane et al 1988; khan et ah 1997). Fly ash contain certain heavy 
metals and some other compounds such as nickel, arsenic, cadmium, 
chromium, lead, zinc, copper etc. (Wadge and Hutton 1987; Onliveers et al 
(1990) and complex compounds viz. dibenzofuran and dibenzo-p-dioxine 
mixtures (Helder et a/. 1982; Sawyer et al. 1983). These chemicals may prove 
toxic to plants and soil microbes. 
Mineral uptake by Plants 
Plants growing in fly ash amended soil absorb elements present in ash. 
Lisk et al. (1979) reported enhanced absorption of B, Cu, Co, Fe, Mg. Mn, 
Mo, Se and Zn by plant grown on ash amended soil. Lettuce, spinach, wheat, 
tomato and perennial rye and gram absorbed selenium in proportion to 
percentage of ash in the growth media (Littman et al. 1988). 
Fly ash application was considered to increase yield by increasing the 
pH of soil and the content of moisture in the soil. Although fly ash has been 
used successfully to improve the yield of ceratin crops (Adriano et al 1980; 
ToUe et al. 1982) particularly when fly ash corrected a macro and micro 
nutrient deficiency. However, higher amendment rates produced a significant 
decline in test crops due to toxic effects. Fly ash usually contain high 
concentration of essential plant nutrients except nitrogen (Adriano et al 1980; 
Mishra and Shukla, 1986). Moliner and Street (1982) found calcium corbonate 
and fly ash to be equally effective as limiting material for all three acid soil of 
Florida tested. Elseewi and page (1984) found a small application of fly ash to 
improve molybdenum deficiency. However, for a safe land application of fly 
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ash, it is essential to evaluate its potential effect microbe mediated ecological 
process, which maintain the fertility and productivity of biosphere. 
Effect of coal fly ash application on the elemental composition and yield 
of some crops and on the properties of calcareous soil was observed by 
Khandkar et aJ. (1996). The apphcation of fly ash increase the proportion of silt 
size (0.02, 0.002 mm diameter) particles, the water holding capacity, the 
electrical conductivity and the extractable amounts of Mg, Ca, S, Fe, Mn, Zn, 
B, Na and Al from the soil. Particle density, pH and extractable N were 
decreased. Biofuel ash use in salix plantation, Biomass production nutrient 
uptake and heavy metal circulation was studied by Sander (1997). 
Khan et al (1997) reported 62 and 113% increase in root and shoot 
boron of tomato plants grown in 10% ash amended soil. The boron contents 
gradually increased with the increase in ash concentration leading to a 
maximum of 5092 and 3944% in root and shoot of tomato in 100% ash 
respectively compared to the plants grown in soil without ash. Physico-
chemical analysis revealed exceedingly higher concentration of important plant 
nutrients like P, K, Ca, Mg., Mn, Si, Se, B etc. in the ash collected from a field 
near by a power plant (Khan and Khan, 1998). 
Effect of fly ash application on physico chemical properties of soil was 
noted by Kuchnawar et. al. (1997).Fly ash application decreased maximum 
water holding capacity and increased available N, P, K and exchangeable Ca^ ,^ 
Mg and trace elements such as Zn , Fe , and Mn . The study showed that 
1 Ot fly ash/ha was the best rate for improving soil properties. 
Soil metabolic activities and yield in groundnut, ladiesfmger and radish 
in fly ash amended soil were reported by Sarangi et al. (1998). The fly ash 
amended soil showed increase in pH, soil conductivity, available phosphorus, 
organic carbon, organic matter and C/N ratio in amended soil over control. The 
yield per plant and total leaf area/plant increased by 4%, 57% and 77% for 
groundnut, ladies finger and radish respectively in fly ash amended soil. 
46 
Burman et ah (1998) reported the accumulation of heavy metals in 
vegetables, pulse and wheat grown in fly ash amended soil. Heavy metals in 
soil and in 12 plants species (turnip, cabbage, carrot, radish, spinach, pea, 
coriander, lettuce, tomato, brinjal, gram and wheat were determined in fields 
receiving fly ash from a thermal power plant. The metal contents (Cd, Cu, Zn, 
Fe, Ni, Cr. and Pb) in soil samples were higher than in the control soil. In the 
edible parts of the plant Cu, Zn and Pb concentration were in the recommended 
permissible limits, whereas Cd, Cr. and Ni concentrations were sometimes 
higher. 
Root growth of wheat seedling and trace element levels in ryegrass 
(Lolium multiflorum) were determined by Wright et. al. (1998) in acid soils 
treated with 1.25 to 80 gm/kg of eight coal combustion byproducts: fly ash 
(FA), bed ash (BA), Cyclone ash (CA), Limestone Injection residue (LIMB), 
spray drier residue (SD), scrubber sludge (LS), stabilized scrubber sludge (SS) 
and gj^sum like material (G). B, Se, As and Mo were increased in ryegrass 
grown in treated soil, but Se from FA treatments was the only potential food 
chain risk from a single application of these materials. It is suggested that the 
G material is the most beneficial for land application because it improved root 
growth without producing elevated trace element levels in plant material or soil 
solution. 
Influence of fly ash with and without FYM (Farm yard manure) and 
fertilizer on physico chemical properties of sunflower and cotton growdng soil 
was observed by Malewar et al (2000). The result showed that the application 
of lOt FYM/ha + recommended doses of NPK were beneficial for soil 
improvement and nutiient availability. Further uses of fly ash decreased the 
bulk density and increased porosity, infiltiation rate and available boron in 
sunflower and cotton growing soils. Fertilizer, FYM and fly ash in interactions 
improved soil physical properties. 
Effect of fly ash on physico chemical properties of the soil and seed 
germination, metal uptake of barley and wheat plants was noted by Khan et. al. 
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(2001) and on abroad bean and chilli by Khan and Bhardwaj (2002). 
Beneficial effect on physiological development was noted at lower doses. 
Plant growth and yield 
Effect of various particulate matters on vegetation has been documented 
by many workers (Thomas et al. 1952; Middleton et al. 1958; Pack et al. 1959; 
Schuck and Locke, 1970; Shimshon et al. 1975). Heavy deposition of 
particulate matter can cause severe damage. They cause chlorosis, necrosis and 
death of tissues. Many particles are by product of agricultural practices and are 
usually inert. Most of the reports concerning harmful effects viz; cement kiln 
, dust on plant stress, the fact that the leaves, twigs and flowers. 
Peirce (1910) and Parish (1910) noted in California that settled dust in 
combination with mist or light rain formed a relatively thick crust on upper leaf 
surfaces of affected plants. Peirce (1910) demonstrated that incrustation of 
cement kiln dust on citrus leaves interfered with light required for 
photosynthesis and reduces starch formation. This was later confirmed by 
Czaja (1962) and Bohne (1963) in a variety of plants. Czaja (1966) has 
presented histological evidences that stomata of conifers may be plugged by 
dust, preventing normal gas exchange by the leaf tissues. Darley (1966) 
demonstrated that kiln dust deposited on beam leaves in presence of free 
moisture interfered with the rate of CO2 exchange but no measurement of 
starch were made. They also reported that cement dust is alkaline in nature and 
produce injury to the plants in the close vicinity to cement factory. 
Mc Cune et al (1965) reported an increase of 4-mm. Tip bum on 
gladiolus exposed to cryolite (Sodium aluminum fluoride dust). Coolwill et al. 
(1979) noticed the deposition of dust on leaves of plants grown along the road 
side with highly busy traffic. Such plant showed poor growth. Satyanarayan et 
al. (1988) observed the effect of fly ash pollution on Datura inoxia. The 
dustfall on the leaves was high and the concentration of photosynthetic 
pigments were low for leaves of plants growing near the power station; these 
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leaves showing high levels of sugars, total phenol and free proline and high 
activity of oxidative enzymes. 
The effect of dust fall studied in leaves in high pollution and low 
pollution areas of Ahmedabad (India) by Vora and Bhatnagar (1987) showed 
that the percentage of foliar injury was much more in high pollution in 
comparison to low pollution areas. There have been numerous reports that dust 
of varying origin interfere with stomata functioning mostly by filling and 
blocking of stomata aperture (Ricks and Williams, 1974; Fluckiger et ah 1978, 
79); increase leaf temprature (EUer, 1977; Fluckiger et al, 1978) and 
transpiration (Beasley, 1942; Eveling, 1969); reduce photosynthesis (Darley, 
1966) and increase the uptake of gaseous air pollutants (Ricks and Williams, 
1974). Ail these effects eventually resulted in poor growth of suffering plants. 
Fly ash is of the important particulate air pollutants contains macro and 
micro nutrients which enhance plant growth in nutrient deficient soils (Martens 
and Beahm, 1978). Scanlon and Duggan (1979) reported that tree and shrub 
seedlings grew well in fly ash amended soil. Sopper and Mcmohan (1987) 
observed the application of industrial fly ash and municipal sludge mixture 
successfully establish vegetation on area designed as "Superfund" site. 
Wong and Wong (1989) studied germination and early seedling growth 
of Brassica parachiensis and B. chiemis in two types of soil (Sandy soil and 
Sandy loam) to which fly ash was added. Low fly ash amendment at 3% 
improved young seedling growth of both crops, but high ash amendment (12-
30%) produced adverse effects or growth. Application of 70 MT/ha fly ash in 
strip mine plot increased the biomass production of two grasses (Agrostis 
tenuis and Lespedeza cuneata) and one legume (Festuca amendinacea) by 5 to 
30 times in comparison to the plants grown in untreated soil under field 
condition (Fail Jr. 1987). 
Germination behaviour of some important crops species in fly ash 
incarporated soils was observed by Pawar and Dubey (1988). Seed germination 
of maize. Sorghum, wheat and gram was tested in two soil types, treated with 
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0-100% fly ash on w/w basis. Plant growth and yield of chickpea and lentil 
increased gradually with the increasing level of fly ash fi-om 10% to 50% (60% 
in case of lentil). Percent germination in most crops increased in soils treated 
up to 10% fly ash and decreased with higher fly ash rates except in gram, 
which tolerated 30% fly ash. 
Fly ash is the waste product of thermal power plant. An attempt was 
made to biologically reclaim the fly ash disposal area near Chachai, Madhya 
Pradesh by Mishra et ah (1995,1997). Out of 12 species planted as 2 month old 
seedling in pits at 2 x 2 m spacing, with four treatments (various combination 
of soil, fly ash, sand and compost), only Eucalyptus hybrid (E.tereticornis) and 
Acacia auriculiformis survived after 6 years. These two species grew best in 
treatment receiving soil, sand, fly ash and comport at a 1:1:1:1 ratio. 
Performance was poorest in fly ash alone. In second experiment seedling of 4 
species were planted in pits in an area with a 2.54 cm. layer of soil spread over 
the fly ash dyke. All 4 species survived with E. tereticorhis performing best, 
A. auriculiformis and Peltophorum ferigineum intermediate and Pongamia 
pinnata most poorly. After 6 years of plantation growth, natural vegetation had 
become established and will ultimately stabilize the fly ash and reduce the 
envirormiental pollution it causes. Similarly Srivastava et al. (1995) introduce 
biological method of fly ash stabilization through afforestation an ash dump 
yards near thermal power station, Panki (Kanpur) by sowing the sapling of 
different trees. Trials were carried out of 10 multipurpose tree species 
(6 nitrogen fixing and 4 non-nitrogen). 
Matte and Kene (1995) observed the effect of fly ash application on 
yield performance of Kharif and rabi crops in Nagpur, Maharashtra. 
Application of lOt fly ash /ha gave the best results, increasing seed/grain yields 
by 7-30%. Yields were generally highest with the recommendation NPK rates. 
Effect of fly ash on soil crust strength and crop yield was observed by Patil et 
al. (1996). AppUcation of fly ash, FYM, sand and rice husks either alone or in 
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combination with fly ash generally reduced the crust strength of soil. The effect 
was in the order of rice > husks fly ash > sand = control. 
A pot experiment was conducted by Tripathi and Sahu (1997) to study 
the effect of fly ash on growth and yield of wheat. Data showed that 50% fly 
ash applied to soil increased seedling height, plant height, girth, leaf number, 
leaf area, spike length, dry weight etc. The values of the effect of soil + fly 
ash on growth and yield are comparable with these of soil +10% compost and 
soil + 0.6% NPK treatments. 
Kuchnawar and Matte (1997) studied the graded doses of fly ash and 
fertilizers an growth and yield of groundnut. The study showed that 10+ fly ash 
/ ha and 25; 50: 0 N: P: K kg / ha were optimum levels for groundnut 
cultivation. Su Dechun (1997) reported the growth of Agropyron elongatum in 
an artificial soil mix with coal fly ash and sewage sludge. Addition of the ash 
sludge mixture significantly improved the seedling emergence and dry weight 
yields of Agropyron. Pots with 10% fly ash sludge mixture at 1:5: psi soil 
mixing ratio had the highest yield, while those with 10 and 35% ash sludge 
amendment at 1:1: psi soil mixing ratio had lower dry weight yield but were 
still higher than that of the control with fertilizer treatment. 
Kalra et al (1998) reported the fly ash as soil conditioner and fertilizer. 
The grain yield of maize increased in fly ash treated plots with the addition of 
ash up to a maximum addition of lOt /ha. The yield of wheat increased up to an 
addition of 20t/ha and declined thereafter. Fly ash treated pots had a marginally 
higher uptake of Zn, Cu, Fe, Mn and Cd. The addition of fly ash also reduced 
the hydraulic conductivity and improved moisture retention at field capacity 
and wilting point. These changes in soil properties might have been due to 
modification in macro, micro pore size, which may also have contributed to 
the increased crop yields in light and medium textured soils. 
Tripathi et al. (1998) observed the impact of fly ash, light and shade 
environment on growth and chemical response of Albizia procera and Acacia 
nilotica. On the basis of storage substances, ascorbic acid, proline, phenol and 
51 
amino acids in both the species, it was concluded that Acacia nelotica could 
survive in shade as well as in light. Similarly Malewar et al. (1998) noticed the 
effect of different combinations of fly ash and soil on growth attributes of 
forest and dryland fruits such as nilgiri (Eucalyptus globules,) neem 
(Azadirachta indica), custard apple {Annona squamosa) and Jamun (Syzygium 
cumini) at Maratiiwada Agricultural university, Parbhani, Maharashtra (India) 
during 1995-96. Malewar et al. again in 1999. Studied the impact of different 
levels of fly ash on growth attributes and dry matter yield of various crops. 
Plant dry weight of wheat and sunflower was highest in 1:3 fly ash: soil 
mixtures, while in sorghum the 3:1 fly ash: soil plants gave the greatest weight. 
Khan and Ghadirpour (1999) examined relative efficacy of broadcast, 
raw and spot treatments of fly ash on the growth and yield of chilli, eggplant 
and tomato. Fly ash was applied @ 6 qt /ha in fields through the above 
mentioned mode of treatment. Row application of fly ash @3Qt/ha 
significantiy increased the plant growth and yield of tomato cultivars (Khan 
and Singh 2001). Masilamani and Dharmalingam (1999) observed the 
germination behaviour of teak (Tectona grandis Linn. F) drupes in fly ash 
incorporated medicine. The best germination, seedling growth and vigour were 
in sand only medium followed by the fly ash + red earth + FYM mixture. 
Bhaisare et al. (2000) observed the effect of fly ash on yields, uptake of 
nutrients and quality of green gram grown on vertisol. Result showed that the 
highest yield of grain and straw along v»dth highest content and uptake of 
nutrients were recorded with tiie increasing levels of fly ash up to lOt/ha. The 
same level of fly ash recorded the highest content of crude protein and test 
weights. Amongst the fertilizers green gram responded well to higher doses of 
N and P fertilizers for yield, quality and nutrient uptake and content. The 
combined effect of fly ash and fertilizers has not significant. Khan et al. 2001 
reported that Raw application of fly ash @ 3 qt / ha significantly increased the 
plant growth and yield of tomato cultivars. 
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Shanna et. al. (2001) observed the fly ash incorporation effect on soil 
health and yield of maize and rice. Results obtained from experiments indicate 
that grain yield of maize increased in fly ash added plots (up to lOt/ha), where 
rice yield was similar to fly ash treated plots. Hy ash added plots marginally 
higher uptake of Zn, Cu, Mn and Cd. Similarly effect on plant height and 
flowering of winter ornamental plants was observed by Khan and Abdussalam 
(2002). 
Pesticidal effect of fly ash 
Addition of fly ash in soil does alter physico chemical characters of soil 
that may directly influence activity of soil microorganism including pathogens. 
Effect of soil applications of fly ash on a few soil-borne pathogens have been 
examined. Fly ash incorporation in soil (20-100%) adversely affected the root 
invasion by the larval, disease intensity (number of galls / root system) and 
reproduction (number of eggmases/root system) of root-knot nemoteds, 
Meloidogyne species on cowpea and tomato (Khan et al, 1993, 1977). Mature 
females of the nematode excised from root of pea plants grown in 50 or 75% 
fly ash developed abnormality and irregularity (Singh et al, 1994) field 
application of fly ash especially spots and row treatments greatly decreased the 
intensity of root-knot disease and reproduction of the nematode on chilli, 
eggplant and tomato (Khan and Ghandirpour 1999). In a recent study, Khan 
and Singh (2001) noted the fiingicidal effect of 3-6 Qt / ha fly ash on the soil 
population of Fusarium oxysporum f.sp. Lycopersici on tomato. Wilt severity 
was also decreased. Similarly root-rot caused by Rhizoctonoia solani was also 
inhibited in some winter ornamental plants when grown in flyash amended soil. 
2.7 Effect of Photosynthetic Pigments 
Chlorophylls, the green pigments of plants are the most important 
pigments responsible for the conservation of light energy into chemical energy 
and are thus active in process of photosynthesis. Chlorophyll a and b are the 
most abundant pigments in the plants. Nematodes and fimgi are known to 
interact with the metabolisms of photosynthetic pigments in plants. However, 
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the information about their influences on the photosynthetic pigments and 
photosynthes is limited. 
Effect of Nematodes 
When nematodes infect one part of the host plant eg. roots, they rapidly 
disrupt the physiological process in one way or the other. Loveys and Bird 
(1973) reported that M. javanica infection caused the reduction in net 
photosynthetic rate and chlorophyll contents of tomato. Nematode invasion is 
also known to bring a change in the concentration of nutrient elements such as 
Fe, Zn, Mn, K. etc. A\iuch play an important role for the constituents of plants 
eg Fe and Mn in photosynthetic pigments. Change in the concentration of these 
elements in plants even to a small extent, appears to have a profound impact on 
host physiolo©' which in turns appear to have a major cause in limiting the 
growth of host plant and cause imbalance in translocation process (Bird and 
Loveys, 1975; McClure, 1977). 
Singh et al. (1977) observed a gradual decrease in the chlorophyll 
contents of mung bean with the increase in the inoculum level of M javanica. 
The bacterized plants had higher concentration of chlorophyll than the 
unbacterized ones. The reduction in chlorophyll contents was attributed to the 
alteration of host nutrition and physiology, as reported earlier (Bergeson, 
1966; Doney et al. 1970). MelaKeberhan et a/.(1985 a ) found significant 
decrease in the chlorophyll content of French bean, within two weeks after 
infection with different inoculum levels of M. javanica. In another study 
chlorophyll content at the end of the experiment was markedly lowered in the 
French bean inoculated plants with M incognita (single generation), at the bud 
stage than at either of earlier stages (BPLE, TRIF). While chlorophyll b content 
in all plants did not change significantly with increasing inoculum level, the 
total chlorophyll (a + b) in the TRIF and BDS plants and chlorophyll a content 
in all plants was significantly lowered and become increasing so with 
increasing inoculum levels (Melakeberhan et al. 1986). 
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Upadhyay and Banerjee (1986) reported that decrease in the chlorophyll 
content of chickpea due to M. javanica infection was because of proportional 
increase in the concentration of Pheophytin. The imbalance in chloroplast 
pigments may be correlated with the general chlorosis dieback caused by the 
infection of nematodes. 
The increased number of nematodes (M. incognita) caused significant 
reduction in tiie chlorophyll content (a, b) of mungbean leaves which ultimately 
lead to the reduced production and supply of carbohydrates to nodules for 
carrying out nitrogen fixation (Chahal and Chahal,1987). Quantitative changes 
in the chlorophyll content of root-knot infected plants have also been reported 
on pigenpea (Anwar and Alam, 1989) and chiclq)ea (Ahmad and kumar, 1990) 
Tiyagi and Alam, (1990). Sharma and Trivedi (1992) observed a decrease in 
photosynthetic efficiency and reduced chlorophyll content in the brinjal plants 
90 days after treatment with M. incognita. Chandel et al (1993) found a higher 
reduction in the chlorophyll content of susceptible pigeonpea cultivar when 
inoculated with M incognita wiiereas Vashisth et al. (1994) observed similar 
effect of root-knot nematode on the chlorophyll content of some black gram 
cultivars. 
In pot experiment conducted by Haseeb et al. (1998) a negative 
correlation was observed between various initial inoculum densities of M. 
incognita on Ocimum kiiJmandscharicum. The greatest reduction in chlorophyll 
a, chlorophyll b and total chlorophyll occurred in plants inoculated with the 
highest inoculum density of M incognita (16000 J2 / 7.5 kg. Soil). 
Pathogenecity of M. incognita to turmeric (Curcuma longa) cv. BSR-1 and 
PTS-10 was studied by Poomima et al. (1998). In both the varieties chlorophyll 
a, chlorophyll b and total chlorophyll were lower in plants inoculated with 
10,000 juveniles when compared to healthy one. 
Effect of fiingi 
Fungus also has an adverse effect on the photosynthetic pigments. 
Taphrina maculans Butler, infected leaves of turmeric (Curcuma longa L.) 
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possessed lower contents of chloro^U than the healthy ones (Agarwal et.al 
1982), an effect also noted by Srinivasan (1982) on arecanut infected with 
yellow leaf disease. Parmar et a/.(1983) observed 98% reduction in the 
pigments of Cichorium intybus L. leaves infected with Alternaria cichorii 
Nattras. Murumkar and Chavan (1985) reported that wilt fungus, F. oxyporum 
f.sp. ciceri caused marked reduction in chlorophyll content of chickpea, while 
Singh et. a/. (1986) found reduced chlorophyll and carotenoid content in downy 
mildew, Pemospora arborescem (Berk) de Bary infected leaves of opium. 
Reductions in chlorophyll (a, b and total), carotenoides and xanthophylls 
contents were also recorded in the leaves of coriander infected with 
Protomyces macrosporus (Prasad et. al. 1989). Similar marked decrease in 
chlorophyll content also occurred in Taphrina deformis infected peach leaves 
(Sharma and Sharma, 1990). Buonaurio (1991) determined the chlorophyll 
content of chloroplasts from fababean leaves infected with Uromyces viciae 
(Pers.) schroet, and observed decreased chlorophyll contents from the 
begiiming of uredospore differentiation to pustule eruption 8-14 days after 
inoculation. In addition there was a significant reduction in chlorophyll a^ 
ratio. Similarly in onion leaves infected with Pemospore destructor (Berk.) 
Casp., a significant gradual loss in the contents of chlorophyll with an increase 
in the infection of foliage was observed by Sugha et. al. (1992). 
Effect of Fungi and nematode on Photosynthetic Pigments 
Fimgi are also associated with legumes and they reduce the 
photosynthetic pigments of plants. Reduction in chlorophyll contents of 
chiclq)ea was reported due to wilt fungus, Fusarium oxysporum fsp. ciceri 
infection (Murumkar and Chavan, 1985). Tiyagi (1990) reported the effect of 
M. incognita and Macrophomina phaseolina alone and in combination on the 
chlorophyll conents (chl. a, b and total chl. a+ b) in concomitant inoculations 
than in either of them alone. Shah (1993) reported the similar effect in 
photosynthetic pigments (chl. and carotenoids) in simultaneous inoculations of 
M incognita and R. solani on the potted french bean plants. 
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Effect of fly ash 
Dubey et al (1982) observed the effect of fly ash deposition on 
photosynthetic pigments and dry matter production of wheat and gram. Wheat 
cv. N-4 and chiclqiea cv. H-355, grown in pots in the field and were dusted 
daily with 2,4, or 6 gm. fly ash / m^  for 45 days. Fly ash increased plant weight, 
chlorophyll content, and carotenoid of both the spp. Singh et al. (1988) 
observed the reduction in chlorophyll and ener©^ contents in plants as indicator 
of atmospheric pollution. Plants growing on 5 km line transect from a power 
station at Panki, kanpur were sampled and fohar damage, leaf chlorophyll and 
energy content were determined. Chlorophyll a and energy contents were 
reduced in the areas near the power station (particularly upto a distance of 0.5 
km) in Achyranthes aspera, Ageratum conyzoides, Amaranthus spinosus, 
Cassia obtusifolia, Croton bonplandianum, Cynodon dactylon, Dichanthium 
armulatum, Justicia simplex, Tephrosia hamiltonii and Xanthium strumarium 
whereas, Blumea aromaticum, Calotropis procera, Lantana camara and 
saccharum munja were unaffected. 
Kashy^ e/.a/.(2000) studied the chlorophyll contents oi Acacia nilotica 
grown in fly ash obtained fi'om the coal fired thermal power plant at korba, 
Madhya Pradesh (India), They mixed fly ash with sand, N (200 ppm N as urea) 
and P (25 ppm P as SSP {Single superphosphate}) in different combinations. 
The chlorophyll content differed significantly in the treatment at 1, 3 and 5 
months old plants. The amount of chlorophyll a, chlorophyll b and total 
chlorophyll decreased gradually during the study period for all the treatments. 
The chlorotic nature of nutrient deficient plants was attributed to impaired 
photosynthesis resulting firom the direct effect of the fly ash medium on the 
protein level and the chlorophyll content of the chloroplast. The best treatment 
for increasing the chlorophyll content of the leaves of Acacia was fly ash + 
sand + N (2000 ppm) + P (25 ppm). 
Merakchiska et al. (1995) observed changes in the pigment content, 
fluorescence ad photosynthetic activity of the leaves of bean plant {Phaseolus 
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vulgaris L.) as a result of the direct and residual effects of fly ash added to 
soils. Chlorophyll a and b contents were not greatly affected by fly ash 
application but there was a considerable increase in carotenoid content in plants 
grown immediately after fly ash application, Srivastava et al. (1995) reported 
that chlorophyll a and b contents were increased in the Lactuca saliva plants 
leaves grown in 10% fly ash amended soil. 
Effect of nematode fungus disease complex 
Only few reports are available on the combined effect of nematode and 
fungus disease complexes on the chlorophyll contents of plants. Tiyagi (1990) 
while studying the effect of M incognita and Macrophomina phaseolina alone 
and in combination on the chlorophyll contents of mung bean observed 
significant higher reduction in chlorophyll contents (a, b and total) in 
concomitant inoculation than in either of them alone. Similar effect in 
photosynthetic pigments (chlorophyll and carotenoids) was also noticed in 
simultaneous inoculation of M incognita and R. solani on the potted firench 
bean plants (Shah, 1993). Siddiqui and Mahmood (1994) examined the effect 
of Heterodera cajani, Fusarium udum Butler, and Bracfyrhizobium Japonicum 
on the chlorophyll contents in the disease complexes of pigeonpea. Individually 
each pathogen reduced the chlorophyll contents but simultaneous inoculation 
had a synergistic effect on it. 
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MATERIALS AND METHODS 
The different materials used and the methods employed during the 
course of proposed experimental programme are generalized as follows 
3.1 Selection of test crop and pathogens 
The root-knot nematode, Meloidogyne incognita (Kofoid and white, 
1949) chitwood, 1949, and the root-rot fungus, Rhizoctonia solani kuhn and 
Pythium aphanidermatum (Eds.) Fitz was used as the test pathogens and 
Lagenaria lucantha rusby and Cucumis sativus Linn, as test plants throughout 
the course of the investigations. 
3.2 Preparation and sterilization of soil mixture 
Sandy loan soil, which is commonly found in Aligarh, was collected 
from fertile fields from Aligarh Muslim University Agriculture Farm. The soil 
was then passed through a coarse sieve (2mm pore size) to remove stone 
particles and debris etc. Soil and organic manure at the rate of 3:1 (soil: organic 
manure) was thoroughly mixed and 15 cm earthem pots were then filled with 
this soil- organic manure mixture @ 1kg /pot. A little water was poured in each 
pot to moist the soil before transferring them to an autoclave for steam 
sterilization at 20 lb pressure for 1 hour. Sterilized pots were allowed to cool 
down at room temperature before use for experiments. 
3.3 Raising and maintenance of test plant 
Seeds of bottle gourd and cucumber each were surface sterilized with 
0.1% mercuric chloride for 2 minutes, then thoroughly washed thrice in 
sterilized distilled water and sown in pots containing sterilized soil @ five 
seeds/pot. After emergence, the seedlings were thinned and only one seedling 
was allowed to grow in each pot. When plants attained the three-leaf stage, 
these seedlings were inoculated with test pathogens, as per the schedule of the 
experiments. 
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3.4 Preparation of nematode inoculum 
Pure culture of root-knot nematode, M. incognita was maintained on 
brinjal in concrete microplots having sterilized soil. Large number of egg 
masses from heavily infected brinjal roots were handpicked with the help of 
sterilized forcep. Egg masses were washed with distilled water and placed on a 
small coarse sieve (1mm pore size) fitted with moist tissues paper. The sieve 
was placed in 10 cm diameter petridish containing water just touching its lower 
portion. A series of such assembUes were kept to get required number of 
second stage Juveniles (J2). Hatched larvae were collected along with the water 
from petridishes after 24 hours and transferred to a beaker. Fresh water was 
added to pertidishes after with drawing the nematode suspension everytime. 
The process was repeated upto 5-7 days. These second stage Juveniles served 
as the inoculum of root-knot nomatode. Counting of the Juveniles was done 
from the collected suspension of nematodes. An average of five counts were 
made to determine the density of nematodes in the suspension. Each sample 
was transferred to counting dish and counted under stereoscopic microscope 
(Southey, 1986), Calculations were made for the total suspension to be used for 
inoculation. 
3.5 Isolation of fungus from infected roots 
Roots of bottle gourd and cucumber plants exhibiting root-rot symptoms 
were collected in polythene bags from fields of the Fort. (Botanical Garden of 
AM.U., Aligarh). Serial washing techiuque (Harley and Waid, 1955) was 
employed to isolate fimgus from infected roots. Roots were transferred to a 
sterilized dish containing sterile-distilled water and gently freed off soil 
particles. The process was repeated till all the soil particles were removed. 
Later the roots were cut into approximately 5 mm pieces and transferred to 
petridishes containing 0.1% mercuric chloride solution. After one minute root 
pieces were washed at least thrice in distilled water and dried on filter paper. 
Five of the root pieces were then placed in each of 10 petriplates containing 
potato dextrose agar (PDA) [for 1 litre: potato=200 gm. Dextrose 20 gm. Agar= 
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20 gm and distilled water =1000ml) with the help of sterilized forcep under 
aseptic conditions. Petriplates were incubated at 28 ± 2°C for 10 days. The 
fungus that developed on root segments were examined and identified. 
Rhizoctonia solani and Pythium aphanidermatum were examined and isolated. 
For obtaining sufficient inoculum the fungus was later cultured on 
'Richards Liquid medium' (Ricker and Ricker, 1936) having following 
composition. 
Potassium nitrate 
Potassium dihydrogen phosphate 
Magnesium sulphate 
Ferric chloride 
Sucrose 
Distilled water 
lO.OOgm 
5.00 gm 
2.5 gm 
0.02 gm 
50 gm 
1000ml 
The medium was prepared and filtered through muslin cloth, sterilized 
in an autoclave at 151b pressure for 15 minutes in 250 ml. Erlenmayer flaskes 
each containing 100 ml of liquid medium. The fungus was inoculated in each 
flask with the help of inoculation needdle, in an aseptic chamber. Inoculated 
flasks were than incubated at 28 ± 2°C for about 15 days to allow sufficient 
growth of the fungus. Pure cultures of fungus were continuously maintained on 
PDA by reinoculation of the fungus after every 15 days. 
After incubating the flasks for 15 days the required medium was filtered 
through whatmans filter paper No. 1. The fungal mycelial mat was washed in 
distilled water and gently pressed between sterile blotting sheets to remove 
excess amount of water. The inoculum was prepared by mixing 10 gm fungal 
mycelium in 100 ml of sterilized distilled water and blending it for 30 seconds 
in a mixure (Stammering, 1964). Each 10 ml of this homogenate contained 1 
gm of fungal mycelium 
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3.6 Inoculation technique 
After 3 weeks of sowing, seedlings of bottle gourd and cucumber were 
inoculated with required number of second stage Juveniles of root-knot 
nematode, M. incognita and required quantity of fungal mycelium of root-rot 
fungus, Rhizoctonia solani, seedling-rot fungus, Pythium aphanidermatum 
throughout the course of study. 
3.7 Varietal reaction to tiie nematode/fungus 
Five seeds of different cultivars of bottle gourd (Ward, Ganesh and Pusa 
Naveen) and cucumber (Pointset, Poona Kheera and All Season) were surface 
sterilized in 0.1% mercuric chloride and washed in distilled water thrice and 
sown in the pots containing sterilized soil. After emergence, the seedlings were 
thinned and only one seedling was allowed to grow in each pot. After three 
weeks of sowing seedlings were inoculated with 250, 500, 1000, 2000, 4000 
and 6000 2°^  stage Juveniles of M incognita or 0.25, 0.50,1.0, 2.0, 4.0 and 6.0 
gm of R. Solani or P. aphanidermatun. Uninoculated plants served as control. 
There were five replicates for each treatment. 
For the inoculation of plants with the nematodes or fungus appropriate 
amounts of nematode suspension or fungal inoculum (according to the 
inoculum level) were poured around the root surface, which was exposed by 
removing small amount of soil. After inoculation leveled the soil properly to 
cover the exposed roots. The pots placed on a greenhouse bench in a 
randomized manner. Necessary weeding and watering were done as and when 
required. 
3.8 Recording of observations 
The plants were uprooted after 60 days of inoculation and their roots 
were gently washed off the soil, taking utmost care to avoidlosses and injury to 
roots during the entire operation. For measuring length the plants were cut with 
sharp knife just above the base of the shoot. The length was recorded in 
centimeters fi-om the cut end to the top of the first leaf and to the longest root 
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respectively. The excess of water was removed by putting the plant parts 
between the folds of the blotting sheets, for sometime before taking their fresh 
weights. For dry weigjit, the root and shoots were kept in bamboo envelop for 
drying in an oven at 60°C for 2-3 days. The fresh and dry weight was recorded 
in gm. Reduction in fresh and dry weight (root+ shoot) was calculated in terms 
of percent reduction for the interpretation of the results. 
Root-Knot Estimation 
The root-knot nematode galls were estimated by counting the number of 
galls per root system. The degree of root infection caused by root-knot 
nematode was assessed according to the rating scale of Taylor and Sasser 
(1978) for the presence of root galls as under 
1 
2 
3 
4 
5 
No gall 
1-10 galls 
11-30 galls 
31-100 galls 
101 and above galls 
Determination of Root-rot Index 
The relative amount of R. soJani or P. aphanidermatum damage was 
determined by scoring the extent of disease on the following scale (Batten and 
Powell, 1971) 
1 Less than 10% root-rot 
2 11-25% root-rot 
3 26-50% root-rot 
4 51-75% root-rot 
5 76-100% root-rot (severe root-rot) 
Nematode population estimation 
For extraction of nematodes from the soil, 250 gm soil samples from 
each treatment were analysed by sieving and decanting method followed by 
modified Bearman funnel technique (Southey, 1986). The nematode suspension 
was collected after 24 hours and number of the nematodes was counted in a 
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counting dish by taking 2 ml suspension from each sample. Mean of the three 
such samples was obtained and the population of nematodes per kg soil was 
calculated. 
For estimation of nematode population in roots, 1.0 gm of root from 
each replicated treatment was macerate^ for 45 seconds in an electrically 
operating wearing blender, in enough water. Counting was done from the 
suspension thus obtained as described above. The total final population was 
obtained by adding the soil as well as root population and the reproduction 
factor (Rf) was calculated by the formula of Oostenbrink (1966) as follows: 
Rf^f/pi. 
Where Pf represents the final population and Pi represent the initial 
population of the nematodes. 
Net primary productivity 
Net primary productivity (N.P.P.) was calculated by dividing the plant 
dry weight with the duration of experiment in days. 
Total plant dryweight 
Total period of exp erimental after inoculation 
Leaf Surface area 
Leaf surface area was measured following the method of Alam (1989 b). 
Leaves were spread over plain papers of uniform thickness. Outlines of leaf 
margins were drawn with the help of a sharp tip pencil. The tracings were cut 
out with the help of a sharp razor. The cut out of each leaf were obtained from 
three different places separately on an electric balance. Cut out of an area of 
100 cm^ was also obtained in the same maimer and weighed. The average 
weight of the cut outs of the leaf sample (wi) was transformed to the area by 
calibration with the average weight of paper piece measuring 100 cm^ (W2) and 
thus the area of one side of the leaf sample was calculated by the formula-
Area of one side ofleaj= wjAv2 x lOOcm^ 
The total area of both sides of the leaf was determined from the above. 
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Leaf pigment 
Leaf pigments like chlorophyll a, chlorophyll b, total chlorophyll and 
carotenoid contents of bottle gourd and cucumber from different treatments of 
the experiment were estimated. They were determined by grinding of leaves 
from interveinal areas in 40 ml acetone (80%) with the help of mortar and 
pestle. The suspension was decanted in Buchner fuimel having two Whatman's 
filter paper No. 1 and filtration was done with the help of suction pump. The 
residue was groimded thrice adding 30, 20 and 10 ml acetone respectively. The 
suspension was decanted in Buchner fimnel. Mortar and pestle were rinsed with 
acetone transferred in Buchner fiinnel and filtered. The filtrate was transferred 
in 100 ml volumetric flask and the volume was made upto the capacity by 
adding acetone. Optical density (O.D.) in spectrophotometer (Bauch & Laump, 
Spectronic -2000) was read at 480 nm & 510 mm for carotenoid and 645 nm 
and 663 nm for chlorophylls. Carotenoid and chlorophyll contents were 
calculated according to formulae given by Maclachlan and Zalik (1963) and 
Mackninney (1941) respectively. 
Chla =127 (0n.66^-169(0D. 64^ x ^ 
Chl.b = 22.9 (O.D.645)-8.02 {O.D. 663) x 
1000<ff 
V 
1000 xPF 
D 
V 
W 
Carotenoid = 76x(aa480)-1.49(aA510) 
d X1000 X W 
length of the light path 
total volume of the solution, 
fresh weight of leaf. 
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Statistical Analysis 
The data obtained were analysed statistically and significance of 
variance was calculated at P< 0.05 and P< 0.01 levels. 
3.9 Effect in individual, sequential (Pre or post) and simultaneous 
inoculuation of Meloidogyne ingocnita and Rhizoctonia solanU Pythium 
aphanidermatum. 
In order to study the effect of early establishment of either of test 
pathogen, bottle gourd and cucumber seedlings were inoculated with 2000 
infective stages (J2) of root-knot nematode, M incognita, 2.0 gm mycelial mat 
of root-rot fungus, R. solani and P. aphanidermtum individually or 
concomitantly before or after 15 days of one another and/ or simultaneously. 
Bottle gourd and cucumber seedlings were inoculated with M incognita 
and R. solani or P. aphanidermatum singly or in various combinations of pre-
post (with an interval of 15 days) or simultaneously as per following schedule: 
1. Uninoculated control 
2. M incognita fMi) alone 
3. R. solani (Rs) alone or P. aphanidermatum (Pa) alone 
4. M incognita + R. solani or P. aphanidermatum simultaneously (Mi+Rs) 
and(Mi+Pa) 
5. M incognita 15 days prior to R. solani (Mi - Rs) or P. aphanidermatum 
(Mi-Pa) 
6. R. solani or P. aphanidermatum IS days prior to M incognita (Rs - Mi) and 
(Pa - Mi) 
3.10 Effect of individual and concomitant inoculation of variable inoculum 
levels oiMeloidogyne incognita and Rhizoctonia solani/Pythium aphanidermatum. 
In order to find out the role of M. incognita and R. solani/ 
P. aphanidermatum wiien present individually and concomitantly in the 
aggravation of plant damage. Disease development and nematode reproduction 
on bottle gourd cv. Ward and cucumber cv. Pointset were inoculated with 
different inoculum levels of test pathogens either individually or in various 
combinations 
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Inoculation Schedule 
Serial 
1. 
2. 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
Treatment 
Uninoculated 
Inoculated 
Inoculated 
Inoculated 
Inoculated 
Inoculated 
Inoculated 
Inoculated 
Inoculated 
Inoculated 
Inoculated 
Inoculated 
Inoculated 
Inoculated 
Inoculated 
Inoculated 
Nematode inoculam 
(no. of larvae) 
. 
500 
1000 
2000 
. 
. 
. 
500 
1000 
2000 
500 
1000 
2000 
500 
1000 
2000 
Fungus inoculum 
(g mycelium/pot) 
. 
. 
. 
. 
0.5 
1.0 
2,0 
0.5 
0.5 
0.5 
1.0 
1.0 
1.0 
2.0 
2.0 
2.0 
Uninoculated plants served as control in all experiments. Each treatment 
was replicated five times. After inoculation the pots (from each experiment 
v e^re placed in a randomized block design on branches of green house. Plants 
were allowed to grow 60 days after inoculation, and later experiments were 
terminated and data on various parameters mentioned previously were recorded 
and statistically analysed. 
3.11 Fly ash amended soil 
This experiment was conducted in glass house where soil amended with 
different amount (10, 25, 50, 75, 90, and 100%) of fly ash and their interaction 
with root-knot nematode, M incognita and root-rot fungus, R. solani and 
seedling-rot fungus, Pythium aphanidermatum was studied. Main objective of 
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the present study was to find out the utility of fly ash, which is produced, in 
huge amount in thermal power plant. 
Fly ash used in this experiment was collected firom a thermal power 
plant (530 MW capacity) located at Kasimpur in Aligarh district. This power 
plant consumes 3192 t bituminous type coal daily and produces 650 t of fly 
ash. The fly ash and normal field soil of Aligarh were both dried in the sun for 
7 days and mixed together (vol/vol) in 6 proportion namely (0, 10, 25, 50, 75, 
90, and 100 % fly ash. The mixture of soil and fly ash was filled in 15 cm clay 
pots. Thereafter pots were autoclaved. Plain soil without fly ash was treated as 
control. 
3.12 Physicochemical properties of fly ash amended soil 
Physiochemical characters of ash soil mixtures of all the concentrations 
used were determined before planting seedling. The soil samples were passed 
through a 2 mm sieve before analysis and the following properties were 
determined. Porosity and water holding capacity by hydrometry; pH, 
conductivity and cation exchange capacity (CEC) using soil : distilled water in 
pH and conductivity meters, sulphate, carbonate, bicarbonate and chloride by 
analytical methods (Chopra and Kumar, 1982). Nitrogen by Kjeldahl digestion 
(Nelson & Sommers, 1972), and phosphorus by phosphomolybdic blue 
calorimeter (Jackson, 1958). After digesting 1 g of soil:ash mixture in mixed 
acids (cone. HNO3: cone. H2SO4:60 HCO3. 5: 0.5:1) (Allen et. al, 1974), 
Magnesium, Manganese, Copper and Zinc were estimated by azo methane-H 
method (John e^  al; 1975) 
3.13 Interaction Studies 
To examine the interaction of fly ash amended soil , root- knot 
nematode, M incognita, root-rot fungus, R. solani and seedling-rot fungus, 
P. aphanidermatum on bottle gourd and cucumber in a pot experiment in 
glasshouse, seedlings of bottle gourd and cucumber were grown in sterilized fly 
ash amended soil with different levels of fly ash filled in 15 cm clay pots (one 
seedling per pot after 3 week of sowing) into 6 separate sets. In the first set of 
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pots seedlings remained uninoculated. In the second set, root-knot nematode, in 
third set R. soJani, in fourth set P. aphanidermatum, in fifth set M. incognita + 
R. solani and in the sixth set M incognita with P. apahnidermatum. Inoculated 
pots with seedling grown in soil without fly ash and uninoculated with either of 
the pathogens and pots with seedling inoculated with either of the pathogen 
serves as control. Each treatment was replicated 5 times and pots were kept in a 
randomized block in glasshouse, plants were allowed to grow for 60 days after 
inoculation. After 60 days, experiments were terminated and data on various 
parameter mentioned previously were recorded and statistically analysed. 
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RESULTS 
4.1 Reaction of different cultivars of bottle gourd (Lagenaria lucanthd) 
to the root-knot nematode, Meloidogyne incognita 
All the test cultivars of bottle gourd viz. Ward, Ganesh and Pusa Naveen 
were screened and found susceptible to the root-knot nematode, M incognita to 
a varying degree (Table la.l, la.2 and la.3). Significant reduction was 
observed in different growth parameters eg, plant length, plant fresh weight, 
dry weight, net primary productivity, leaf area and photosynthetic pigments in 
all the cultivars of bottle gourd as compared to their respective control. 
4.1.1 Effect of root-knot nematode on bottle gourd cv.Ward. 
Results presented in table la.l.I indicate that highest reduction in plant 
length was noted in cv. Ward 43.82% with the highest inoculum level 6000 
juveniles per plant followed by 4000 (38.54%), 2000 (33.52%), 1000 (25.87%), 
500 (19.93%) and 250 (13.18%) juveniles per plant over uninoculated control 
(162.35 cm). 
Highest reduction in plant fresh weight was also noted 51.61% in 
highest inoculum level i.e., 6000 juveniles per pot followed by 4000 (49.60%), 
2000 (40.45%), 1000 (34.59%), 500 (29.40%) and 250 (21.40%) juveniles per 
plant over uninoculated control (78.54g). Plant dry weight was also reduced in 
the similar pattern in all the treatments over control. (Table la. 1.1) 
The reduction in plant fresh weight was directiy correlated with the net 
primary productivity (N.P.P.), leaf area and photosynthetic pigments. N.P.P. 
was lowest 0.139g/plant/day in highest inoculum level i.e., 6000 juveniles per 
plant followed by 0.147, 0.174, 0.198, 0.208 and 0.237g/plant/day at 4000, 
2000, 1000, 500 and 250 J2 levels when compared to uninoculated control 
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(0.322g/plant/day). Leaf area of the cv. Ward was also reduced in the similar 
pattern. (Table la. 1.1) 
Total chlorophyll contents were also highly reduced 57.72% when 
plants were inoculated with 6000 h per plant followed by 55.68%, 46.88%, 
39.40%, 35.56% and 26.34% at 4000, 2000, 1000, 500 and 250 h level over 
uninoculated control (l,724mg/g). Similar pattern of reduction was also noted 
in carotenoid content. (Table la.l.n) 
Highest nematode population 37740 larvae was noted at the highest 
inoculum level i.e., 6000 juveiules per plant with lowest rate of nematode 
multiplication (6.29). Nematode population was increased as the inoculum 
level increased. Nematode population was lowest 10718 larvae at the lowest 
inoculum level i.e., 250 juveniles per plant with highest rate 42.87 of nematode 
multiplication. (Table la .l.m) 
Effect of root-knot nematode on bottle gourd cv.Ganesh 
Results presented in table la.2 reveal that highest reduction in plant 
length in cv. Ganesh 40.64% was also noted at 6000 J2 level followed by 
35.29%, 30.18%, 22.72%, 17.24% and 10.97% at 4000, 2000, 1000, 500 and 
250 J2 levels as compared to 149.40 cm in uninoculated control. Plant fresh 
weight was also highly reduced (48.83%) at 6000 J2 level followed by 46.04%, 
38.20%, 31.92%, 27.46% and 19.88% at 4000, 2000, 1000, 500 and 250 J2 
level over uninoculated control (70.10 g). Plant dry weight was also reduced in 
the same pattern (Table la.2.1) 
Net primary productivity was lowest (0.123g/plant/day) in 6000 J2 per 
plant followed by 0.128, 0.151, 0.173, 0.183 and 0.272 g/plant/day at 4000, 
2000, 1000, 500 and 250 J2 level over uninoculated control (0.272 g/plant/day). 
Lowest 94.0cm^ leaf area was also noted at 6000 J2 level followed by 
101.6cm^ 105.8cm^ 112.9cm^ 117.7cm^and 123.5cm^ at 4000, 2000, 1000, 
500 and 250 h level over uninoculated control 129.2Cm^ (Table la.2.1) 
71 
Total chlorophyll contents were also highly reduced 55.14% at 6000 J2 
level followed by 52.63%, 44.85%, 37.13%, 33.75% and 22.64% at 4000, 
2000, 1000, 500 and 250 h level over uninoculated control (1.594mg/g). 
Carotenoid contents were also reduced in the same way (Table la.2.n). 
Nematode population is directly proportional to the nematode inoculum 
level and nematode multiplication is inversely proportional to the inoculum 
level. The highest nematode population 33478 larvae was noted at 6000 J2 level 
with lowest rate of nematode multiplication (5.58) followed by 4000, 2000, 
1000, 500 and 250 J2 level. Galls per root system were also increased as the 
nematode inoculum level was increased. It was highest 139.50 galls per root 
system in 6000 J2 per plant followed by 124.62, 107.23, 83.95, 69.58 and 60.1 
galls at 4000, 2000,1000, 500 and 250 Juveniles per plant (Table la.2.ffl). 
Effect of root-knot nematode Meloidogyne incognita on cv. Pusa Naveen: 
Results presented in table la.3 reveal that highest reduction 21.45% was 
noted at 6000 J2 level followed by 18.10%, 14.30%, 10.27%, 5.24% and 4.12% 
at 4000, 2000,1000, 500 and 250 J2 levels as compared to uninoculated control 
(153.64 cm). Plant fresh weight 38.85% was also highly reduced at 6000 J2 
level followed by 32.45%, 25.29%, 18.50%, 8.32% and 6.79% at 4000, 2000, 
1000, 500 and 250 J2 level over uninoculated control (74.35g). Plant dry weight 
was also reduced in the similar pattern as observed in case of plant fresh 
weight. 
Net primary productivity was lowest 0.174g/plant/day at 6000 J2 level 
followed by 0.192, 0.214, 0.234, 0.265, and 0.275 g/plant/day at 4000, 2000, 
1000, 500 and 250 J2 level when compared with control (0.303g/plant/day). 
Leaf area 100.9 cm^ was also lowest at 6000 J2 level followed by 105.4,109.5, 
113.2, 116.5 and 122.9 cm^ at 4000, 2000, 1000, 500 and 250J2 level over 
uninoculated control (127.6cm^^ . (Table 1 a. 3.1). 
Total chlorophyll contents were highly reduced 45.25% at 6000 J2 per 
plant followed by 39.65%, 32.61%, 25.34%, 14.47% and 11.33% over 
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72 
uninoculated control, 1.624mg/gm. Similar pattern of reduction was also noted 
in carotenoid contents of cv. Pusa Naveen (Table la.3.11). 
Highest nematode population 26350 larvae was noted at the highest 
inoculum level i.e. 6000 h per plant with lowest rate of nematode 
multiplication (4.39) followed by 4000, 2000,1000, 500 and 250 J2 level. Rate 
of nematode multiplication was highest at lowest inoculum level while it was 
decreased at the highest inoculum level (Table la.3.III). 
4.1.2 Reaction of different cultivars of bottle gourd (Lagenaria lucantha) 
to root-rot fungus, Rhizoctonia solani 
The results presented in Table lb indicate that all the three test cultivars 
of bottle gourd viz. cv. Ward, Ganesh and Pusa Naveen showed varying degree 
of susceptibility against the root-rot fungus, R. solani. Different growth 
parameters e.g. Plant length, plant fresh weight, dry weight, net primary 
productivity, leaf area, root-rot index and photosynthetic pigment were reduced 
significantly even at low inoculum level of fungus e.g. 0.25g per plant. 
Effect of root-rot fungus, R. solani on the growth of bottle gourd cv. Ward 
Highest reduction 45.35% in plant length was noted when plants were 
treated with 6.0 gm fungus mycelium followed by 42.76%, 37.85%, 29.54%, 
23.47% and 15.26% at 4.0, 2.0, 1.0, 0.5 and 0.25 g fungal inoculum levels over 
uninoculated control (162.35 cm). Plant fresh weight (56.58%) was also highly 
reduced at 6.0 g fungal inoculum level followed by 51.84%, 46.97%, 37.75%, 
30.25% and 24.52% at 4.0, 2.0,1.0, 0.5 and 0.25 g fungal inoculum levels over 
uninoculated control (78.54 g). Plant dry weight was also reduced in the similar 
pattern (Tablelb.l.I). 
Net primary productivity 0.123 g/plant/day was lowest at 6.0g fungal 
inoculum level followed by 0.139, 0.156, 0.187, 0.207 and 0.228g/plant/day at 
4.0, 2.0, 1.0, 0.50 and 0.25g fungal mycelium over uninoculated control 
(0.322g/plant/day). Leaf area was also showed the similar trend of reduction 
over control. Highest root-rot index was observed 4.29 in 6.0 g fungal 
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mycelium followed by 4.22, 4.08 3.51, 3.24, and 3.12 at 4.0, 2.0,1.0, 0.5 and 
0.25 g fungal inoculum level per plant (Table Ib.l.I). 
Total chlorophyll contents were highly reduced 62.15% at 6.0g level 
followed by 57.12%, 52.51%, 43.77%, 35.98 and 30.71% at 4.0, 2.0, 1.0, 0.5 
and 0.25g fungal inoculum level over uninoculated control (1.670mg/g). 
Carotenoid contents were also reduced in the plant leaf in similar pattern (Table 
ib.i.n). 
Effect of root-rot fungus, R. solani on the growth of bottle gourd cv. 
Ganesh 
Total plant length was highly reduced (43.54%) at highest inoculum 
level i.e. 6.0 g mycelium per plant followed by 39.85% 35.17%, 26.65%, 
20.70% and 13.15% at 4.0, 2.0,1.0, 0.5 and 0.25g fungal inoculum level over 
uninoculated control (149.40cm). Plant fresh weight was also highly reduced 
(52.18%) at 6.0 g fungal level followed by 49.27%, 44.60%, 35.10%, 27.14% 
and 20.58% at 4.0, 2.0, 1.0, 0.5 and 0.25g fungal inoculum levels over 
uninoculated control (70.10g). Plant dry weight was also reduced in the similar 
pattern (Tablelb.2.1). 
Net primary.productivity was lowest 0.177g/plant/day at 6.0g inoculum 
level followed by 0.125, 0.137, 0.162, 0.183 and 0.202g/plant/day at 4.0, 2,0, 
1.0, 0.50, and 0.25g fungal mycelium per plant as compared to 0.272 
g/plant/day in uninoculated control. Leaf area was also lowest, 94.9 cm^ at 6.0g 
fungal inoculum level and highest, 122.8cm^ at 0.25g inoculum level over 
uninoculated control (129.2Cm^). Highest root-rot 4.22 was observed in 6.0 g 
fungal mycelium followed by 4.18, 3.96, 3.42, 3.16 and 3.01 at 4.0, 2.0, 1.0, 
0.5 and 0.25 g fungal inoculum level per plant (Table lb.2.I) 
Total chlorophyll contents were highly reduced 56.83% at 6.0 g level 
followed by 54.14%, 50.31%, 42.40%, 33.56% and 25.15% at 4.0, 2.0, 1.0, 0.5 
and 0.25 g fungal inoculum levels over uninoculated control (1.594 mg/gm). 
Carotenoid contents were also reduced in the plant leaf in similar pattern. 
( Table lb.2.n) 
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Effect of root-rot fungus, R. solani on the growth of bottle gourd cv. Pussi 
Naveen 
Highest reduction in total plant length was noted 28.25% at highest 
inoculum level i.e., 6.0g mycelium per plant followed by 22.88% 18.35%, 
14.82%, 8.94% and 7.12% at 4.0, 2.0,1.0, 0.5 and 0.25 g fungal inoculum level 
over uninoculated control 153.64 cm. Highest reduction in plant fresh weight 
(36.44%) was also observed at 6.0g fungal mycelium level followed by 
31.64%, 28.72%, 21.30%, 17.80% and 11.24% at 4.0, 2.0, 1.0, 0.5 and 0.25g 
fungal inoculum levels over uninoculated control (74.35g). Plant dry weight 
was also reduced in the similar pattern . (Table lb.3.I). 
Lowest net primary productivity 0.174g/plant/day was noted at 6.0g 
inoculum level followed by 0.192, 0.200, 0.221, 0.231 and 0.256g/plaiit/day at 
4.0, 2.0, 1.0, 0.5 and 0.25g fungal inoculum levels over 0.303g/plant/day in 
uninoculated control. Leaf area was also reduced in the similar pattern. Root-
rot disease index was highest 3.50 in 6.0g fungal mycelium and lowest 2.12 
was observed at 0.25g inoculum level respectively. (Table lb.3.I) 
Total chlorophyll contents were highly reduced 42.73% at 6.0g level 
followed by 37.31%, 32.94%, 36.35%, 24.50% and 16.44% at 4.0, 2.0, 1.0, 0.5 
and 0.25g fungal inoculum levels over uninoculated control (1.624mg/g). 
Carotenoid contents were also reduced in the plant leaf in similar pattern 
(Table lb.3.n). 
4.1.3 Reaction of different cultivars of bottle gourd (Lagenaria lucantha) 
to seedling-rot fungus, Pythium aphanidernuUum: 
The results presented in Table IC reveal that all the three test cultivars 
of bottle gourd viz. cv. Ward, Ganesh and Pusa Naveen showed varying degree 
of susceptibility against the seedling-rot fungus, P.aphanidermatum at different 
growth parameters e.g. Plant length, plant fresh weight, dry weight, net primary 
productivity, leaf area, root-rot index and photosynthetic pigment. 
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Effect of seedling-rot fungus, P.aphanidernuUum on the growth of bottle 
gourd cv. Ward 
Total plant length was highly reduced 39.87% when plants were treated 
with 6.0g fungal myceUum followed by 34.72%, 27.45%, 19.65%, 15.58% and 
8.62% at 4.0, 2.0, 1.0, 0.5 and 0.25g fungal inoculum level over uninoculated 
control (162.35cm). Plant fresh weight was also highly reduced 49.28%at 6.0g 
fungal inoculum level followed by 41.49%, 35.85%, 29.76%, 24.94% and 
11.82% at 4.0, 2.0, 1.0, 0.5 and 0.25g fungal inoculum levels over uninoculated 
control (78.54g). Plant dry weight was also reduced in the similar pattern 
(Table IC.l.I) 
Net primary productivity was lowest 0.146g/plant/day at 6.0g fungal 
inoculum level followed by 0.172, 0.192, 0.210, 0.299 and 0.271 g/plant/day at 
4.0, 2.0, 1.0, 0.50 and 0.25g fungal mycelium over uninoculated control 
(0.322g/plant/day). Leaf area was also showed the similar trend of reduction 
over control. Highest root-rot index 4.18 was observed at 6.0g fungal mycelium 
followed by 3.80, 3.42 3.22, 3.08, and 2.07 at 4.0, 2.0, 1.0, 0.5 and 0.25 g 
fungal inoculum level per plant. (Table IC. l.I) 
Highest reduction in total chlorophyll contents 55.26% was noted at 6.0 
g fungal mycelium level followed by 46.76%, 41.30%, 35.68%, 29.34% and 
16.24% at 4.0, 2.0, 1.0, 0,5 and 0.25g fungal inoculum level over uninoculated 
control (1.670mg/g). Carotenoid contents were also reduced in the plant leaf in 
similar pattern (Table IC.l.II). 
Effect of seedling-rot fungus, P. aphanidermatum on the growth of bottle 
gourd cv. Ganesh 
Total plant length was highly reduced 37.28% at highest inoculum level 
i.e., 6.0g mycelium per plant followed by 32.15% 25.64%, 16.85%, 12.72% 
and 6.92% at 4.0, 2.0, 1.0, 0.5 and 0.25g fungal inoculum level over 
uninoculated control (149.40cm). Highest reduction in plant fresh weight 
42.28% was at 6.0g fungal level followed by 37.43%, 31.74%, 25.27%. 
16.84% and 9.25% at 4.0, 2.0, 1.0, 0.5 and 0.25g fungal inoculum levels over 
! i 
1 
1 
I 
s I 
^ 
-« s 
2 S 
"r ^ 
M 
-a « 
« s: 
— -o 
2 a 
o a. 
** ,2 (J 'Z 
^ > 
H 
xspuip')! 
-V30^ 
j(UJD) 
63JBJB9q 
Xupjad ' 
)UBid/8 
• 
ddN 
9seajo^ 
;TI93Jaj 
o> 
,1 
'1 ? 
^ 
^ j 42 
k 1 
1 
1 
1 
«" S <X ^ 
1 
^ 
1 1 
l^ 
1 (^ 
1 
1 
1 
{ = 
1 
C/3 
1 
H 
^ 
Q 
OM 
1 
j 3 
^ 
^ 
3 i 
s 
1 
Tj-
ON 
M 
(N 
r-( S 
o 
1 
VO 
cn 
vo 
r -1 
m 
Tf 
rn 
r - < 
1 
o 
I—1 
o 
VO 
ro 
O 
TT 
t~-
ON 
TT 
1 
? 
0 \ 
•* 
f " ^ 
r* 
rs 
5 
1 - ^ 
«r> 
o 
"^  
"S 
1 
e 
'_) 
m 
O 
<N 
(S 
m ( N 
( N 
O 
>n 
l - H 
T ) 
00 
00 
m" 
S 
fN 
• * 
CS 
T - H 
>n ( S 
o\ 
_ 
VO 
CO 
r-
• * 
00 
• * 
f—1 
>n 
•<t 
<N 
0\ 
vd 
o 
OS 
m 
1 " ^ 
o 
<N 
t - H 
'Sf 
O 
00 
r^  ON 
60 
O 
00 
r>-
( N 
m 
0 \ 
» - H 
(S 
o 
r* 
>o 
m 
00 
<N 
5 
<N 
o\ 
d 
l - H 
• * 
00 
VO 
'"* 
0 \ 
<N 
00 
ro 
0 \ 
vo 
vo 
t^ 
r - H 
•^ r 
<N 
C^ 
<N 
» - H 
o\ 
O 
ro 
I - H 
fO 
VO 
00 
w 
VO 
t^ 
^ M 
0 \ 
1 
o 
o 
T j -
I—< 
m 
<s 
•* 
1 - * 
00 
00 
1—< 
o 
V£) 
00 
O 
t—1 
<n 
,_< 
IT ) 
<N 
ON 
r~ 
ts 
«n 
<S 
00 
n 
r-t 
( S 
i n 
t~ 
f—< 
t^ 
fn 
>n 
00 
VO 
v-l 
Tf 
<N 
1—1 
O 
00 
VO 
CO 
n 
•«t 
t- ' 
00 
1 
o 
-
VO 
fS 
m 
<N 
r-> 
o 
fo 
I - * 
o 
o 
fo 
(N 
• * 
o 
00 
Ov 
l - H 
5 
00 
t 
r* 
I - H 
ro 
VO 
00 
c-
Tf 
ON 
00 
fO 
NO 
ON 
ro 
ro 
• t 
NO 
>ri 
fS 
0 \ 
NO 
r _ l 
» - H 
l - H 
ON 
fS 
CO 
00 
f - H 
00 
t~« 
1 
o ( S 
o 
m 
(f) 
>n 
m O 
—^< 
o 
t -
Q! 
^ 
ON 
O 
00 
— 
« 
r-
m 
rt 
t^ 
er, 
VO 
00 
ro 
r-
n 
fo 
* - H 
_ i 
rn 
>n 
f - ^ 
<N 
m 
VO 
1 - M 
o 
r»^  
O 
O 
m 
m 
m 
i p ^ 
t«-
1 
o 
"* 
fN 
0 \ 
fO 
( N 
^ 
• * 
r—< 
o 
(N 
«N 
00 
t^ 
^ 
00 
VO 
w^ 
00 
VO 
VO 
00 
fS 
<s 
• * 
VO 
• * 
^ 
>o 
t^ 
» - H 
^ 
t--
00 
( N 
00 
(N 
r-
C«1 
o 
t^ 
m ON 
VO 
P-
r~« 
«s 
TT 
ON 
»0 
NO 
1 
o NO 
m 
( S 
o 
ro 
CO 
00 
o 
o 
^ 
>n 
'"' 
00 
NO 
r-
VO 
1—1 
V _ H 
/-^ 
ITl 
O 
2 
Q 
U 
r f 
ro 
O 
ON 
1—4 
ro 
o 
d 
^ H 
^" ( S 
ON 
ON 
00 
m 
^^  
• — N 
^ - 1 
o 
o 
:« O 
a P< ?^  
(4H 
o 
s 
<u fl 
u 
•B 
.a 
u 
d 
^ - H 
CQ 
> 
-s 
^ 
• w^ 
> 
• EH 
o 3 
o 
^ 
rt 
c^  
'C ( I . 
u 
;z: 
cu 
oi 
;z 
•J 
H 
w 
8 
£ 
••§ 
0 1 
1 
•w 
/ ^ 
^ 
+ 
•s 1 
E2 
^ 
:a 
^ 
5* 
S 
« 
1 
1" 3 s 
1 
^ 
g 
*n 
s 
^ 
s 
1 1 
u i 
s 
•S 
- ^ 1 
^ 
a 
vS' 
„.^  1 
^ 
B 
1 
^ 
a 
>£' 
' 
fS 
^ VO 
8 0 
' 
Tj" 
ON 
<o 
w^ 
0 
m 
»n d 
«s 
VO 
0 
1-4 
1 1 
0 
<s 00 
"O 
•^  
>^f 
m 
<o 0 
0 d 
• * 
(N 
vd i>H 
<n 
M 
tn 
1-4 
0 
5 
d 
• * 
a^  00 
d 
d 
00 
ON 
m' (S 
00 
00 
Tf 0 0 
d 
00 
>o 
m' (N 
00 
I-H 
(N 
l-H 
<n 
0 
^ 
d 
M 
^ H 
00 
d 
0 
d 
• * 
(S 
<s 
en 
<o 
m 
•^ 0 
0 d 
00 
VO 
^ 
m 
o\ 
00 
0 
- H 
<s 
v© 
m d 
>o 
<s 
r-d 
0 
00 
t-' 
00 
m 
fn 
ON 
r» 0 0 
d 
0 
(S 
00 
ro 
<o 
00 
ON 
d 
t-
M 
cn 
d 
VO 
>n VO 
d 
0 
0 
fo 
rn 
"* 
Tj-
NO 
fn 0 0 
d 
^ 00 
(S 
^ 
T-N 
W-* 
ON 
d 
(S 
0 
ro 
d 
t^  
0 
NO 
d 
0 
>r> i-< 
d 
•n 
0 
IS 
n § 
d 
t~ 
(<i 
ON 
rr 
t^  
0 
00 
d 
NO 
NO 
<s d 
•«i 
Tt 
m 
d 
0 
NO 
0 
• * 
0 0 0 
d 
Tf 
(S 
d 
Tf 
n 0 
d 
00 
t«> 
0 
d 
0 
Tf 
VI 
0 
0 
0 d 
00 
NO 
w^ 
d 
0\ 
>o 0 
d 
NO 
0 
>--
d 
d 
II 
d 
U 
•fcJ 
o 
u 
a 
.E3 
> 
o 
76 
uninoculated control (70.10g). Plant dry weight was also reduced in the similar 
pattern (Table 1C.2.I). 
Net primary productivity was lowest 0.141g/plant/day at 6.0g inoculum 
level followed by 0.157, 0.173, 0.188, 0.213, and 0.231g/plant/day at 4.0, 2.0, 
1.0, 0.5 and 0.25g fungal inoculum levels over uninoculated control 
(0.272g/plant/day). Leaf ar.ea was also reduced in similar pattern. Highest 
seedling-rot 3.92 was observed in 6.0 g fungal mycelium followed by 3.50, 
3.26, 3.14, 2.78 and 2.03 at 4.0, 2.0, 1.0, 0.5 and 0.25g fungal inoculum level 
per plant. (Table 1C.2.I) 
Total chlorophyll contents were highly reduced 49.37% at 6.0 g level 
followed by 42.84%, 38.20%, 31.68%, 23.58% and 16.24% at 4.0, 2.0,1.0, 0.5 
and 0.25g fungal inoculum level over uninoculated control (1.594mg/g). 
Carotenoid contents were also reduced in the plant leaf in the similar pattern 
(Table lC.2.n) 
Effect of seedling-rot fungus, P.aphanidermatum on the growth of bottle 
gourd cv. Pusa Naveen 
Highest reduction in total plant length was noted 19.71% at highest 
inoculum level i.e., 6.0g mycelium per plant followed by 16.82% 12.30%, 
8.97%, 4.28% and 2.56% at 4.0, 2.0, 1.0, 0.5 and 0.25g fungal inoculum level 
over uninoculated control (153.64 cm). Highest reduction in plant fresh weight 
(35.88%)was also observed at 6.0g fungal level followed by 29.76%, 23.28%, 
16.82%, 7.49% and 4.72% at 4.0, 2.0, 1.0, 0.5 and 0.25g fungal inoculum level 
over uninoculated control (74.35g). Plant dry weight was also reduced in the 
similar pattern. (Table IC.3.1) 
Lowest net primary productivity 0.181g/plant/day was noted at 6.0g 
inoculum level followed by 0.197, 0.218, 0.243, 0.268 and 0.278g/plant/day at 
4.0, 2.0, 1.0, 0.5 and 0.25g fungal inoculum level over 0.303g/plant/day in 
uninoculated plants. Leaf area was also reduced in the similar pattern. 
Seedling-rot disease index was highest 3.42 at 6.0g fungal mycelium followed 
by 3.22, 3.11, 2.65, 2.10 and 1.68 at the above inoculum levels (Table 1C.3.I) 
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Total chlorophyll contents were highly rSdup^d 42.24% at ^^ .©g level 
followed by 33.65%, 30.25%, 24.32%, 12.50% and 9.72%'at^i^trr^6^ 10, 0.5 
and 0.25g fungal inoculum level over uninoculated control (1.624mg/g). 
Carotenoid contents were also reduced in the plant leaf in the similar pattern 
(Table lC.3.n) 
The following conclusion was drawn on the above results: 
1. The reduction in plant weight was found correlated to the reduction in 
photosynthetic pigments. 
2. The cv. Ward was found most susceptible than Ganesh and Pusa Naveen 
against the root-knot nematode and the two fungi. 
3. Even the lowest inoculum level of all the three pathogens caused 
significant reduction in different growth parameter. 
4. Root-rot fungus, R. solani was found to be more pathogenic causing 
more damage to the test cultivars in comparison to root-knot nematode, 
M.incognita and seedling-rot fungus, P. aphanidermatum. 
4.2 Reaction of different cultivars of cucumber (Cucumis sativus) to the 
root-knot nematode, Meloidogyne incognita 
All the test cultivars of cucumber viz. Pointset, Poona Kheera and All 
Season were screened and found susceptible to the root-knot nematode, 
M.incognita to a varying degree (Table 2a. 1, 2a.2 and 2a.3). Significant 
reduction was observed in different growth parameters e.g, plant length, plant 
fi-esh weight, dry weight, net primary productivity, leaf area and photosynthetic 
pigments in all the cultivars of cucumber as compared to their respective 
control. 
4.2.1 Effect of root-knot nematode on cucumber cv.Pointset 
Results presented in table 2a 1.1 indicate that highest reduction in plant 
length was noted in cv. Pointset 42.89% with the highest inoculum level 6000 
juveniles per plant followed by 4000 (37.72%), 2000 (32.79%), 1000 (25.82%), 
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500 (19.48%) and 250 (12.65%) juveniles per plant over uninoculated control 
(148.60cm). 
Highest reduction in plant fresh weight was also noted 51.06% in 
highest inoculum level i.e., 6000 juveniles per pot followed by 4000 (48.16%), 
2000 (40.60%), 1000 (34.17%), 500 (29.05%) and 250 (20.64%) juveniles per 
plant over uninoculated control (49.25g). Plant dry weight was also reduced in 
the similar pattern in all the treatments over control. (Table 2a. 1.1) 
The reduction in plant fresh weight was directly correlated with the net 
primary productivity (N.P.P.), leaf area and photosynthetic pigments. N.P.P 
was lowest 0.083g/plant/day in highest inoculum level i.e., 6000 juveniles per 
plant followed by 0.091, 0.105, 0.123, 0.127 and 0.144g/plant/day at 4000, 
2000, 1000, 500 and 250 J2 levels when compared to uninoculated control 
(0.195g/plant/day). Leaf area of the cv. Pointset was also reduced in the similar 
pattern. (Table2a. 1.1) 
Total chlorophyll contents were also highly reduced 57.71% when 
plants were inoculated with 6000 h per plant followed by 54.12%, 47.14%, 
40.23%, 35.44% and 26.70% at 4000, 2000, 1000, 500 and 250 h level over 
uninoculated control (1.419mg/g). Similar pattern of reduction was also noted 
in carotenoid content. (Table 2a.l.II) 
Highest nematode population 36840 larvae were noted at the highest 
inoculum level i.e., 6000 juveniles per plant with lowest rate of nematode 
multiplication (6.14). Nematode population was increased as the inoculum 
level increased. Nematode population was lowest 9647 larvae at the lowest 
inoculum level i.e., 250 juveniles per plant with highest rate 38.58 of nematode 
multiplication. (Table 2a .l.DI) 
Effect of root-knot nematode on cucumber cv.Poona Kheera 
Results presented in table 2a.2.I reveal that highest reduction in plant 
length in cv. Poona Kheera 39.85% was also noted at 6000 J2 level followed by 
35.45%, 29.68%, 23.94%, 17.56% and 10.88% at 4000, 2000, 1000, 500 and 
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250 J2 levels as compared to 139.70 cm in uninoculated control. Plant fresh 
weight was also highly reduced (47.91%) at 6000 Jj level followed by 42.67%, 
37.46%, 31.29%, 26.84% and 17.94% at 4000, 2000, 1000, 500 and 250 J2 
level over uninoculated control (46.87g). Plant dry weight was also reduced in 
the same pattern (Table 2a.2.I) 
Net primary productivity was lowest (0.079g/plant/day) in 6000 J2 per 
plant followed by 0.89, 0.096, 0.106, 0.114 and 0.129g/plant/day at 4000, 
2000, 1000, 500 and 250 h level over uninoculated control 
(0.167g/plant/day). Lowest (85.7cm )^ leaf area was also noted at 6000 J2 level 
followed by 90.8 cm^ 96.2cm^ 100.9cm^ 106.5cm^ and 116.6cm^ at 4000, 
2000, 1000, 500 and 250 h level over uninoculated control 119.4 cm^ (Table 
2a.2.I) 
Total chlorophyll contents were also highly reduced 53.78% at 6000 J2 
level followed by 48.31%, 44.88%, 37.74%, 32.90% and 23.31% at 4000, 
2000, 1000, 500 and 250 J2 level over uninoculated control (1.428mg/g). 
Carotenoid contents were also reduced in the same way (Table 2a.2.11) 
Nematode population is directly proportional to the nematode inoculum 
level and nematode multiplication is inversely proportional to the inoculum 
level. The highest nematode population 34680 larvae was noted at 6000 J2 level 
with lowest rate of nematode multiplication (5.78) followed by 4000, 2000, 
1000, 500 and 250 J2 level. Galls per root system were also increased as the 
nematode inoculum level was increased. It was highest 127.80galls/root system 
in 6000 J2 per plant followed by 119.78,100.64, 71.85, 62.59 and 55.28 galls at 
4000, 2000,1000, 500 and 250 Juveniles per plant (Table 2a.2.m). 
Effect of root-knot nematode, Meloidogyne incognita on cv. All Season 
Results presented in table 2a.3.1 reveal that highest reduction 24.17% 
was noted at 6000 J2 level followed by 18.73%, 15.27%, 12.37%, 6.27% and 
4.60% at 4000, 2000, 1000, 500 and 250 J2 levels as compared to uninoculated 
control (135.26cm). Plant fresh weight (39.72%) was also highly reduced at 
6000 J2 level followed by 32.80%, 28.59%, 22.21%, 10.67% and 7.30% at 
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4000, 2000, 1000, 500 and 250 J2 level over uninoculated control (44.20g). 
Plant dry weight was also reduced in the similar pattern as observed in case of 
plant fresh weight (2a.3.1). 
Net primary productivity was lowest 0.084g/plant/day at 6000 J2 level 
followed by 0.096, 0.102, 0.111, 0.129, and 0.137g/plant/day at 4000, 2000, 
1000, 500 and 250 J2 level when compared with control (0.154g/plant/day). 
Leaf area (93.6cm^) was also lowest at 6000 h level followed by 95.4, 98.5, 
102.9, 106.5 and 110.2Cm^ at 4000, 2000, 1000, 500 and 25OJ2 level over 
uninoculated control 117.2Cm^ (Table 2a,3.I). 
Total chlorophyll contents were highly reduced 45.37% at 6000 J2 per 
plant followed by 36.76%, 32.70%, 26.89%, 15.89% and 11.76% over 
uninoculated control 1.428mg/g. Similar pattern of reduction was also noted in 
carotenoid contents of cv. All Season (Table 2a3.11). 
Highest nematode population 25128 larvae was noted at the highest 
inoculum level i.e. 6000 J2 per plant with lowest rate of nematode 
multiplication (4.18) followed by 4000, 2000, 1000, 500 and 250 h level. Rate 
of nematode multiplication was highest at lowest inoculum level while it was 
decreased at the highest inoculum level (Table 2a.3.in). 
4.2.2 Reaction of different cultivars of cucumber (Cucumis sativus) to 
root-rot fungus, Rhizoctonfa solani 
The results presented in Table 2b. 1, 2b.2, and 2b.3 indicate that all the 
three test cultivars of cucumber viz. .Pointset, Poona Kheera and All Season 
showed varying degree of susceptibility against the root-rot fungus, R. solani. 
Different growth parameters e.g. Plant length, plant fresh weight, dry weight, 
net primary productivity, leaf area, root-rot index and photosynthetic pigment 
were reduced significantly even at low inoculum level of fungus e.g. 0.25g per 
plant. 
Effect of root-rot fungus, R. solani on the growth of cucumber cv. Pointset 
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Highest reduction 44.05% in plant length was noted when plants were 
treated with 6.0g fungus mycehum followed by 40.75%, 36.47%, 27.85%, 
22.12% and 14.08% at 4.0, 2.0, 1.0, 0.5 and 0.25 g fungaJ inoculum levels over 
uninoculated control (148.60cm). Plant fresh weight (56.20%) was also highly 
reduced at 6.0 g fungal inoculum level followed by 48.85%, 45.46%, 35.55%, 
28.85% and 22.68% at 4.0, 2.0,1.0, 0.5 and 0.25 g fungal inoculum levels over 
uninoculated control (49.25g). Plant dry weight was also reduced in the similar 
pattern (Table 2b. 1.1). 
Net primary productivity 0.076g/plant/day was lowest at 6.0g fungal 
inoculum level followed by 0.091, 0.096, 0.116, 0.128 and 0.141g/plant/day at 
4.0, 2.0, 1.0, 0.50 and 0.25g fungal mycelium over uninoculated control 
(0.195g/plant/day). Leaf area was also showed the similar trend of reduction 
over control. Highest root-rot index was observed 4.28 in 6.0 g fungal 
mycelium followed by 4.15, 4.01 3.42, 3.22, and 3.08 at 4.0, 2.0,1.0, 0.5 and 
0,25 g fungal inoculum level per plant (Table 2b. 1.1). 
Total chlorophyll contents were highly reduced 59.05% at 6.0 g level 
followed by 53.91%, 50.17%, 39.40%, 34.60% and 26.63% at 4.0, 2.0,1.0, 0.5 
and 0.25g fungal inoculum level over uninoculated control (1.419mg/g). 
Carotenoid contents were also reduced in the plant leaf in similar pattern (Table 
2b.l.I). 
Effect of root-rot fungus, R, solani on the growth of cucumber cv. Poona 
Kheera 
Total plant length was highly reduced (42.10%) at highest inoculum 
level i.e., 6.0 g mycelium per plant followed by 38.50% 32.64%, 
25.47%,18.53% and 12.28% at 4.0,2.0,1.0, 0.5 and 0.25g fungal inoculum 
level over uninoculated control (139.70cm). Plant fresh weight was also highly 
reduced (49.26%) at 6.0g fungal level followed by 46.83%, 41.26%, 33.58%, 
26.49% and 19.35% at 4.0, 2.0, 1.0, 0.5 and 0.25g fungal inoculum levels over 
uninoculated control (46.87g). Plant dry weight was also reduced in the similar 
pattern. Net primary productivity was lowest 0.077g/plant/ day at 6.0g 
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inoculum level followed by 0.081, 0.089, 0.102, 0.113 and 0.126g/plant/day at 
4.0, 2,0, 1.0, 0.50, and 0.25g fungal mycelium per plant as compared to 0.167g 
in uninoculated control. Leaf area was also lowest, 84.1cm^ at 6.0g fungal 
inoculum level and highest, 100.2cm^ at 0.25g inoculum level over 
uninoculated control (119.2Cm^). Highest root-rot 4.18 was observed in 6.0 g 
fungal mycelium followed by 3.81, 3.36, 3.42, 3.12 and 2.95 at 4.0, 2.0, 1.0, 
0.5 and 0.25g fungal inoculum level per plant (Table 2b.2.I) 
Total chlorophyll contents were highly reduced 55.24% at 6.0 g level 
followed by 51.85%, 45.92%, 39.50%, 32.52% and 25.13% at 4.0, 2.0, 1.0, 0.5 
and 0.25 g fungal inoculum levels over uninoculated control (1.448mg/g). 
Carotenoid contents were also reduced in the plant leaf in similar pattern. 
(Table 2b.2.II) 
Effect of root-rot fungus, R. solani on the growth of cucumber cv. All 
Season 
Highest reduction in total plant length was noted 26.35% at highest 
inoculum level i.e., 6.0g mycelium per plant followed by 22.14%, 17.42%, 
13.92%, 8.65% and 7.28% at 4.0, 2.0,1.0, 0.5 and 0.25 g fungal inoculum level 
over uninoculated control 135.26 cm. Highest reduction in plant fresh weight 
(35.52%) was also observed at 6.0 g fungal mycelium level followed by 
30.76%, 26.85%, 20.36%, 16.74% and 11.08% at 4.0, 2.0, 1.0, 0.5 and 0.25g 
fungal inoculum levels over uninoculated control (44.20g). Plant dry weight 
was also reduced in the similar pattern (Table 2b.3.1). 
Lowest net primary productivity 0.090g/plant/day was noted at 6.0g 
inoculum level followed by 0.099, 0.103, 0.114, 0.118 and 0.131g/plant/day at 
4.0, 2.0, 1.0, 0.5 and 0.25g fungal inoculum levels over 0.154g/plant/day in 
uninoculated control. Leaf area was also reduced in the similar pattern. Root-
rot disease index was highest 3.47 in 6.0 g fungal mycelium and lowest 2.04 
observed at 0.25 g inoculum level respectively. (Table 2b.3..I) 
Total chlorophyll contents were highly reduced 42.85% at 6.0g level 
followed by 36.76%, 33.19%, 27.31%, 23.59% and 15.68% at 4.0, 2.0,1.0, 0.5 
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and 0.25g fungal inoculum levels over uninoculated control (1.428mg/g). 
Carotenoid contents were also reduced in the plant leaf in similar pattern (Table 
2b.3.n). 
4.2.3 Reaction of different cultivars of cucumber {Cucumis sativus) to 
seedlii^-rot fungus, Pythium aphanidermatum 
The results presented in Table 2C.1, 2C.2, and 2C.3 reveal that all the 
three test cultivars of cucumber viz. cv. Pointset, Poona Kheera and All Season 
showed varying degree of susceptibility against the seedling-rot fungus, 
P.aphanidermatum at different growth parameters e.g. Plant length, plant fresh 
weight, dry weight, net primary productivity, leaf area, root-rot index and 
photosynthetic pigment. 
Effect of seedling-rot fungus, P. aphanidermatum on the growth of 
cucumber cv. Pointset 
Total plant length was highly reduced 37.82% when plants were treated 
with 6.0g fungal mycelium followed by 33.25%, 25.97%, 18.24%, 14.68% and 
7.45% at 4.0, 2.0, 1.0, 0.5 and 0.25g fungal inoculum level over uninoculated 
control (148.60cm). Plant fresh weight was also higjily reduced 47.26%at 6.0g 
fungal inoculum level followed by 40.00%, 32.75%, 27.65%, 24.10% and 
12.69% at 4.0, 2.0, 1.0, 0.5 and 0.25g fungal inoculum levels over uninoculated 
control (49.25g), Plant dry weight was also reduced in the similar pattern 
(Table2C.l.I) 
Net primary productivity was lowest 0.090g/plant/day at 6.0g fungal 
inoculum level followed by 0.106, 0.123, 0.133, 0.138 and 0.165g/plant/day at 
4.0, 2.0, 1.0, 0.50 and 0.25g fungal mycelium over uninoculated control 
(0.195g/plant/day). Leaf area was also showed the similar trend of reduction 
over control. Highest root-rot index 4.12 was observed at 6.0g fungal mycelium 
followed by 3.74, 3.29, 3.16, 3.12, and 2.07 at 4.0, 2.0, 1.0, 0.5 and 0.25g 
fungal inoculum level per plant. (Table 2C.1.I) 
84 
Highest reduction in total chlorophyll contents 53.69% was noted at 6.0 
g fungal mycelium level followed by 44.39%, 36.22%, 30.93% and 28.32%, 
and 18.32% at 4.0, 2.0, 1.0, 0.5 and 0.25 g fungal inoculum level over 
uninoculated control (1.419mg/g). Carotenoid contents were also reduced in 
the plant leaf in similar pattern (Table 2C.l.n). 
Effect of seedling-rot fungus, P. aphanidermatum on the growth of 
cucumber cv. Poona Kheera 
Total plant length was highly reduced 34.93% at highest inoculum level 
i.e. 6.0g mycelium per plant followed by 30.27% 23.40%, 15.84%, 11.72% and 
6.05% at 4.0, 2.0,1.0, 0.5 and 0.25g fungal inoculum levels over uninoculated 
control (139.70cm). Highest reduction in plant fresh weight 44.35% was at 
6.0g fungal level followed by 37.63%, 30.43%, 24.27%, 20.16% and 10.49% at 
4.0, 2.0, 1.0, 0.5 and 0.25g fungal inoculum levels over uninoculated control 
(46.87g), Plant dry weight was also reduced in the similar pattern (Table 
2C.2.I). 
Net primary productivity was lowest 0.084g/plant/day at 6.0g inoculum 
level followed by 0.096, 0.107, 0.118, 0.125, and 0.142g/plant/day at 4.0, 2.0, 
1.0, 0.5 and 0.25g fungal inoculum levels over uninoculated control 
(0.167g/plant/day). Leaf area was also reduced in similar pattern. Highest 
seedling-rot (3.97) was observed in 6.0 g fungal mycelium followed by 3.52, 
3.22, 3.10,3.07, and 2.02 at 4.0, 2.0, 1.0, 0.5 and 0.25 g fungal inoculum level 
per plant (Table 2C.2.I). 
Total chlorophyll contents were highly reduced 50.27% at 6.0 g level 
followed by 42.40%, 36.60%, 29.35%, 24.22% and 15.19% at 4.0, 2.0,1.0, 0.5 
and 0.25 g fungal inoculum level over uninoculated control (1.448 mg/gm). 
Carotenoid contents were also reduced in the plant leaf in the similar pattern 
(Table 2C.2.II) 
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Effect of seedling-rot fungus, P.aphanidermatum on the growth of 
cucumber cv. All Season 
Highest reduction in total plant length was noted 20.17% at highest 
inoculum level i.e., 6.0 g mycelium per plant followed by 17.35% 12.87%, 
9.24%, 4.76% and 2.98% at 4.0, 2.0, 1.0, 0.5 and 0.25 g fungal inoculum level 
over uninoculated control (135.26cm). Highest reduction in plant fresh weight 
(36.62%)was also observed at 6.0 g fungal level followed by 30.45%, 24.16%, 
17.24% and 7.82% and 4.92% at 4.0, 2.0, 1.0, 0.5 and 0.25g fungal inoculum 
level over uninoculated control (44.20g). Plant dry weight was also reduced in 
the similar pattwn (Table 2C,3.I). 
Lowest net primary productivity 0.091g/plant/day was noted at 6.0 g 
inoculum level followed by 0.100, 0.112, 0.123, 0.136 and 0.142g/plant/day at 
4.0, 2.0, 1.0, 0.5 and 0.25g fungal inoculum level over 0.154g/plant/day in 
uninoculated plants. Leaf area was also reduced in the similar pattern. 
Seedling-rot disease index was highest 3.45 at 6.0g fungal mycelium followed 
by 3.24, 3.15, 2.69, 2.13 and 1.72at the above inoculum levels (Table 2C.3.I). 
Total chlorophyll contents were highly reduced 46.25% at 6.0 g level 
followed by 38.47%, 31.59%, 24.23%, 13.86% and 10.27% at 4.0, 2.0, 1.0, 0.5 
and 0.25 g fungal inoculum level over uninoculated control (1.440mg/g). 
Carotenoid contents were also reduced in the plant leaf in the similar pattern 
(Table 2C.2.n). 
The following conclusion was drawn on the above results: 
1. The reduction in plant weight was found correlated to the reduction in 
photosynthetic pigments 
2. The cv. Pointset was found most susceptible than Poona Kheera and All 
Season against the root-knot nematode and the two fungi. 
3. Even the lowest inoculum level of all the three pathogens caused 
significant reduction in different growth parameter. 
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4. Root-rot fungus, R. solani was found to be more pathogenic causing 
more damage to the test cultivars in comparison to root-knot nematode, 
M.incognita and seedling-rot fungus, P. aphanidermatum. 
Root-rot fungus, R. solani was found to be more pathogenic causing more 
damage to the test cultivars in comparison to root-knot nematode, M. incognita 
and seedling-rot fungus, P. aphanidermatum. 
4.3.1 Effect of individual and concomitant inoculation of variable 
inoculum levels of root-knot nematode, Meloidogyne incognita and 
root-rot fungus, Rhiioctonia solani on plant growth, photosynthetic 
pigments, nematode multiplication, root-rot and root-knot 
development on bottle gourd (Lagenaria lucaniha) cv.Ward 
Both the test pathogens, M incognita and R. solani when inoculated 
alone adversely affected the plant growth with an increase in the inoculum 
level of each pathogen, and a gradual decrease in plant growth was observed in 
all the treatments (Table 3 a). However, highest reduction in plant growth over 
control was found in 2000 second stage juveniles of M incognita and 2.0 g 
fungal mycelium of R. solani inoculated simultaneously. Different inoculum 
levels of fungus individually (0.5 gm, 1.0 gm, 2.0 gm) caused reduction 
(22.64%, 28.75%, and 36.42%) in plant length. Similarly all three inoculum 
levels (500, 1000, 2000 juveniles) of M incognita also reduced plant length 
(20.25%, 25.89% and 34.58%) when compared with 158.48 cm in control. 
Combination of variable inoculum levels of both the test pathogens were found 
to be more damaging than their individual effects. The total plant length was 
significantly reduced at each combination. Amongst the Concomitant 
inoculations the percent loss in total plant length was higher ranging from 
48.06%, 53.15% and 58.49% when 2.0 gm of fungus R. solani was inoculated 
with three (500, 1000, 2000) inoculum levels of nematode M incognita 
followed by 41.85%, 47.08%, 51.75 and 32.16, 37.85 and 44.94% respectively 
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in the simultaneous inoculation of above nematode inocula with 1.0 gm and 0.5 
gm fungus respectively. 
In the individual inoculations of both the pathogen, highest reduction in 
plant fresh weight (29.88%, 37.01% and 45.51%) was found in 0.5, 1.0 and 2.0 
gm R. soJani treated plants and 29.72%, 34.28% and 41.10% (500, 1000, and 
2000 juveniles) M. incognita treated plants as compared to control (76.37g). 
The reduction was higher in fungus inoculated plants than nematode inoculated 
plants. In concomitant inoculations plant fresh weight was decreased with 
41.79%, 46.96% and 52.59% when plants were treated by 0.5 gm fungus and 
increasing (500, 1000, 2000) inoculum levels of nematodes followed by 
58.75%, 56.86%, 59.27% and 57.24%, 62.65%, 67.56% in the simultaneous 
inoculations of above nematode inocula with 1.0 gm and 2.0 gm fungus 
respectively. Plant dry weight was also reduced in the similar pattern in all the 
treatment (Table 3a. 1). 
The root-rot indices caused by R. solani increased substantially with an 
increase in the inoculum levels of fungus alone and its various combinations 
with nematode, hi. incognita. In single inoculations of R. solani the root-rot 
indices increased from 3.26 to 4.02 where as in presence of nematode the 
severity of root-rot increased more significantly ranging from 3.84 to 4.56 
(Table 3a. 1). 
Net primary productivity more reduced v^en plants were individually 
inoculated with R. solani at different inoculum levels (0.199, 0.182, 
0.156g/plant/day) than M. incognita (0.202, 0.190, and 0.167g/plant/day). Net 
primary productivity was minimum (0.118, 0.096, and 0.087g/plant/day) in 
concomitant inoculation when 2.0 g fungal mycelium was inoculated with 
increasing inoculum level of nematode (500, 1000, and 2000 juveniles per 
plant) foUowed by (0.138, 0.112, 0.107g/plant/day), l.Og and (0.166, 0.149, 
0.133g/plant/day), 0.5g with the above nematode inocula. Leaf area was also 
reduced in the similar pattern (Table 3 a. 1). 
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A significant reduction in the total chlorophyll contents was noticed 
both in the individual and simultaneous inoculation of both the pathogens. R. 
solani alone at various inoculum levels (0.5, 1.0, 2.0gm) caused greater 
reduction (36.80, 42.63 and 52.00%) than that of M incognita (35.27%, 
38.86% and 45.87%) at 500, 1000 and 2000 number of larvae per plant as 
compared to l,698mg/gm in control. The highest reduction (74.67%) was 
observed vsdien 2.0 gm fungal inoculum ofR. solani was inoculated with 2000 
larvae of M incognita and lowest (47.82%) when 0.5gm R. solani. was 
inoculated with 500 larvae of M incognita in concomitant inoculation. 
Similarly reduction in the carotene content of the bottle gourd plants were 
noted in all the treatments (Table 3 a. 2) 
Total nematode population was highest (27180 larvae) when plants were 
inoculated with 2000 Juveniles of Meloidogyne incognita. In concomitant 
inoculations the nematode population was decrease as the amount of R. solani 
was increased in all combinations. Nematode multiplication was found to be 
density dependent wdien present alone. It was highest (29.94) when the initial 
inoculum level of nematode was low (500 larvae plant) and lowest (13.59) 
when initial inoculum level was high (2000 larvae/plant). The fungus R. solani 
produced an inhibitory effect on the rate of nematode multiplication reducing 
then significantly to 17.75% when highest fungal inoculum level (2.0gm/plant) 
was used in combination with lowest nematode inoculum level (500, 
larvae/plant). However, the reduction was comparatively less (11.98, 8.48) 
in its concomitance with 1000 and 2000 nematode larvae respectively 
(Table 3a.3). 
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4.3.2 Effect of individual and concomitant inoculation of variable 
inoculum levels of root-knot nematode, Meloidogyne incognita and 
seedling-rot fungus, Pythium aphanidermatum on plant gron'th, 
photosynthetic pigments, nematode multiplication, root-rot and 
root-knot development on bottle gourd {Lagenaria lucantha) cv. 
Ward 
It is evident from the Table 3b that both the test pathogens (M incognita 
and P. aphanidermatum) inoculated individually \\iien adversely affect the 
plant growth, with an increase in the inoculum level of each pathogen. 
Significant reduction in plant growth over control was found in all the 
treatments irrespective of individual or simultaneous inoculations. Individually 
all the three inoculum levels (500, 1000 and 2000 larvae) of M incognita 
caused higher reduction (20.25%, 25.89% and 34.58%) as compared to all the 
three inoculum levels (0.5, 1.0, 2.0 gm) of P. aphanidermatum (15.64, 20.48 
and 25.76%) respectively. Combination of variable inoculum levels of both the 
test pathogens were found to be more damaging than their individual effects. 
The total plant length was significantly reduced at each combination in 
comparison to uninoculated control 158.76 cm. Amongst the simultaneous 
inoculations the percent less in total plant length was higher ranging from 
36.72%, 41.65% and 46.39% when 2.0 gm of P. aphanidermatum was 
inoculated with three increasing (500, 1000 and 2000 larvae) inoculum levels 
of nematode, M incognita followed by 31.15%, 35.17% and 41.85% and 
24.58%, 29.85% and 38.96% in the concomitant inoculation of above 
nematode inocula with 1.0 gm and 0.5 gm fimgus respectively. (Table 3b. 1) 
In individual inoculation of both the pathogens reduction in plant fresh 
weight (29.72%, 34.28% and 41.10%) was found in 500, 1000 and 2000 larvae 
inoculated plants as compared to (25.04%, 29.86% and 34.98%) in 0.5g, l.Og 
and 2.0g P. aphanidermatum treated plants vsiien compared with 76.37 g in 
control. The plant fresh weight was decreased by (45.20%, 49.92% and 
56.82%) A\4ien plants were treated with 2.0 gm fimgus and increasing inoculum 
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level (500, 1000 and 2000 larvae) of nematode followed by (40.64%, 45.75%, 
50.68% and 32.64%, 38.43% and 48.51%) the concomitant inoculation of 
above nematode inocula with 1.0 gm and 0.5 g fungus. Plant dry weight was 
also reduced in the similar pattern (Table 3b. 1) 
Net primary productivity more reduced when plants were 
individually inoculated with M.incognita at different inoculum levels (0.202, 
0.190, 0.167g/plant/day) than P, aphanidermatum (0.220, 0.204, and 
0.189g/plant/day). Net primary productivity was minimum (0.156, 0.142, and 
0.117g/plant/day) in concomitant inoculation when 2.0 g fungal mycelium was 
inoculated with increasing inoculum level of nematode (500, 1000, and 2000 
juveniles per plant) followed by (0.170, 0.156, 0.139g/plant/day), l.Og and 
(0.199, 0.180, 0.148g/plant/day), 0.5g with the above nematode inocula. Leaf 
area was also reduced in the similar pattern (Table 3b. 1). 
The root-rot indices caused by P. aphanidermatum increased 
substantially with an increase in the inoculum level of fungus alone and its 
various combinations with nematode, M. incognita. In individual inoculation of 
P. aphanidermatum, the root-rot indices increased to 3.12 to 3.40 where as in 
presence of nematode in all combinations the severity of root-rot increased 
more significantly ranging fi"om 3.26 to 4.30 respectively. (Table 3b. 1) 
A significant reduction in the total chlorophyll contents was noticed 
both in the individual and simultaneous inoculations of both the pathogens. 
M. incognita alone at various inoculum levels (500, 1000 and 2000 larvae) 
caused greater reduction (35.27%,38.86%, 45.81%) than that of P. 
aphanidermatum (30.09%, 34.27% and 39.28%) at 0.5, 1.0 and 2.0 gm fungus 
per plant as compared to 1.698mg/gm in control. The highest reduction 
(62.24%) was observed when 2.0 gm fungal inoculum of P. aphanidermatum 
was inoculated with 2000 larvae of M incognita and lowest (36.74%) when 0.5 
gm P. aphanidermatum was inoculated with 500 larvae of M incognita. 
Reduction in the caiotenoid was also reduce in the similar pattern (Table 3b.2) 
Nematode population in root tissues as well as in the soil around the 
roots was higher (27180 larvae) when 2000 larvae of M incognita inoculated 
plants. In simultaneous inoculations the nematode population was decreased as 
the amount of P. aphanidermatum was increased in all the combinations. 
Nematode multiplication was density dependent and it was highest (29.94) 
wdien initial inouclum level was low (500 larvae/plant) and lowest (13.59) 
v^en initial inouclum level was high (2000 larvae). The fungus p. 
aphanidermatum produced an inhibitory effect on the rate of nematode 
multiplication by reducing them significantiy to 18.20 when highest fungal 
inouclum levd (2.0 gm) was used in combination with lowest inoculum level 
(500 larvae). However, the reduction was comparatively less (12.46 and 9.03) 
in its (2.0 gm fimgus) in concomitance with 1000 and 2000 nematode larvae 
respectively. (Table 3b. 3) 
4.4.1 Effect of individual, simultaneous and sequential inoculation of 
root-knot nematode, Meloidogyne incognita and root-rot fungus, 
Rhizoctonia solani on plant growth, photosynthetic pigments, 
nematode multiplication, root-rot and root-knot development on 
bottle gourd (Lagenaria lucantha) cv. Ward 
Both the test pathogens caused significant reduction in total plant length 
over uninoculated control when inoculated alone (Table 4a. 1). The Rhizoctonia 
solani caused greater reduction (35.28%) than M incognita (32.40%). In 
combined inoculation the reduction in total plant length was significantly 
higher than their individual inoculations. Maximum reduction in plant length 
(54.27%) was found in ti-eatment where the nematode and fiingus were 
inoculated simultaneously (Mi+Rs) followed by 47.54% in sequential 
inoculation of nematodes prior to fimgus Mi-Rs) and 39.92% in its reciprocal 
treatment (Rs- Mi). 
Reduction in total plant fresh weight and dry weight followed the same 
trend as observed in plant length. Individually R. solani caused greater damage 
to plant firesh weight (46.77%) than M incognita (40.93%), when compared to 
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control. Seededling-rot development was highest in unamended and inoculated 
plants (3.44) and reduction of root-rot indices from 100% to 10% fly ash 
amended soil was ranges from 2.85 to 3.36 respectively (Table 9C. 1). 
Highest total chlorophyll contents were found in 25% (+34.66%) 
followed by 10% and 50% (+16.03% and +12.25%) fly ash amended soil over 
unamended and inoculated control (1.004 mg/g). The decrease in total 
chlorophyll contents was noted in 75% fly ash amended soil onward. The 
highest reduction was noted in 100% fly ash level (-44.82%). Similar pattern 
was found in carotene content of bottle gourd (Table -9C.2). 
4.10.1 Interactive effect of difTerent concentration of fly ash, seedling-rot 
fungus, Pythium aphaniderntatum and root-knot nematode, 
Meloidogyne incognita on the plant growth, nematode multiplication 
and photosynthetic pigments of botde gourd (Lagenaria lucaniha) 
cv. Ward. 
It was evident from the Table 10a that the plant growth of bottle gourd 
was ^gnificantly improved in soil amended with fly ash up to certain extent 
after inoculation the plants with 2.0 gm fungal mat of P. aphanidermatum and 
2000 juveniles of M incognita in each fly ash level. The highest improvement 
in the growth parameters was observed in the soil amended with 25% fly ash 
and plant growth was drastically affected in the soil amended with 75% fly ash 
onward. There was a positive correlation between the damage of plant growth 
and development of root-rot and root knot on bottle gourd. 
The plant length of bottle gourd was significantly improved in 10% and 
25% amended soil with fly ash. The highest improvement (+13.47%) was 
recorded from those soil amended wit 25% fly ash and the minimum (-43.28%) 
from 100% fly ash as compared to the un amended and inoculated control 
(83.74 cm.) where it was determined (-45.17%) reduction over uninoculated 
control. The plant length in 50% was noted no more difference from 
unamended and inoculated control. Plant length was highly reduced in 100% 
fly ash followed by 90% and 75% fly ash. 
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Total plant fresh weight was significantly improved 25% (+24.22%) 
followed by 10% (+7.67%) and 50% (+4.76%) fly ash amended soil and the 
reduced in 100% fly ash level (-54.41%) followed by 90% (-43.81%) and 
(-28.14%) fly ash amended soil as compared to the unamended inoculated 
control (30.88gm) vs^ereas it was reduced (-56.28%) over uninoculated control. 
Similar pattern of improvement and reduction was noted in plant dry weight. 
Net primary productivity, leaf area and photosynthetic pigment were 
directly correlated with plant fresh weight. Therefore N.P.P was highest in 25% 
(0.146g/plant/day) followed by 10% and 50% fly ash soil (0.128g/plant/day 
and 0.123g/plant/day), while it was lowest in 100% fly ash (0.043g/plant/day) 
as followed by 75% and 90% fly ash amended soil (0.055g/plant/day and 
0.076g/iriant/day) over unamended and inoculated control (0.113g/plant/day). 
N.P.P. in unamended and uninoculated plants was found 0.302g/plant/day leaf 
area was also showed tilie decrease and increase over unamended and 
inoculated control as in case of N.P.P. Development of root-rot was found 
highest (4.24) amended soil and then it was highly reduced in 100% fly ash 
followed by 25%, 90%, 75%, 50% and 100% fly ash amended soil. It was 
ranges from 3.44 to 4.10 from 100% to 10% fly ash level mentioned as the 
above pattern (Table 10a.l). 
Total chlorophyll content was highly improved in 25% fly ash amended 
soil (+31.73%) followed by 10% (+13.62%) and 50% (+8.82%) over 
unamended and inoculated control (0.646 mg/g), which was 61.70% less than 
inoculated control. The highest reduction was noted in 100% fly ash (-62.59%) 
over unamended and inoculated control followed by 90% and 75% fly ash 
amended soil. Carotenes were also showing the similar pattern of their 
improvement and enhancement over unamended and inoculated control 
(Table-lOa.2) 
Rate of nematode multiplication was also reduced in all fly ash level. It was 
highly reduced (-76.50%) in 100% fly ash level followed by 25% (-61.36%), 
90% (-57.17%), 75%, (-51.17%), 50% (-38.63%) and 10% (-21.44%) fly ash 
112 
amended soil while the rate of nematode multiplication was (9.28) highest in 
unamended and inoculated plants (Table 10a.3). 
4.10.2 Interactive effect of root-rot fiingus, Rhizoctonia solani and root-
knot nematode, Meloidogyne incognita on the plant growth, 
nematode multiplication, development of root-rot and root-lmot, 
and photosynthetic pigment of bottle gourd (Lagenaria lucantha) cv. 
Ward. 
Results presented in tiie table 10b revealed that tiie plant growth was 
improved significandy in 10%, 25% fly ash amended soil when plants were 
inoculated with 2.0g root-rot fungus Rhizoctonia solani and 2000 Juveniles of 
root-knot nematode, Meloidogyne incognita. The reduction in plant growth was 
observed 75% fly a^ amended soil onward. 
Total plant length was highly improved in 25% (+12.26%) followed by 
10% (+5.11%) fly ash amended soil. 50% fly ash amended soil shows little bit 
improvement (+1.23%) in total plant length over imamended and inoculated 
control. The hi^est reduction was noted in 100% fly ash level (-46.57%) 
followed by 90% and 75% fly ash amended soil (-25.18% and -16.25%)over 
unamended and inoculated control (64.73 cm) which is 57.62% lesser than the 
unamended and uninoculated treatment (Table 10b. 1). 
Total plant fi^esh weight was also highly increased in 25% fly ash 
amended soil (+20.36%) followed by 10% (+8.10%) and 50% (+3.10%) over 
unamended and inoculated control (23.81 g), w^le plant fresh weight in 
unamended and uninoculated plants was noted 66.29% more than inoculated 
control. The highest decrease in plant fresh weight was noted in 100% 
(-58.50%) followed by 90% and 75% (-47.62% and -30.28%) fly ash amended 
soil. Total plant dry weight was also shows the same pattern of the growth 
(Table 1 Ob. 1) 
Net primary productivity was highest 0.107g/plant/day in 25% followed 
by 10% and 250% (0.095g/plant/day and 0.090g/plant/day) over unamended 
and inoculated control (0.084g/plant/day). N.P.P was lowest in 100% 
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76.37 gtns in control. In simultaneous inoculation (Mi+Rs) total plant fresh 
weight was reduced more significantly (63.70%) as compared to when 
inoculation of fungus was prior to nematode (Rs-Mi) 51.28% and 58.74%when 
nematode was inoculated prior to the fungus (Mi-Rs). 
Similarly plant dry weight was reduced by 51.90% in R. solani treated 
plants, and in M. incognita treatment it was reduced by 46.07% significantly 
when compared to control (18.86g). In simultaneous inoculation (Mi+Rs) the 
reduction in plant dry weight was higher than individual and concomitant 
inoculations. Plant dry weight was reduced by 61.45% when nematode was 
inoculated prior to the fungus (Mi-Rs) and vs^en fungus was inoculated prior to 
the nematode (Rs-Mi) then total plant dry weigjit was reduced by 56.68% 
significantly. 
Net primary productivity and leaf area also followed the same pattern. In 
individual inoculations the N.P.P was reduced in R.. solani treated plants 
(0.151g/plant/day) followed by M incognita treated plants (0.169g/plant/day) 
over uninoculated control (0.314g/plant/ day). Highest reduction in N.P.P was 
O.lOOg/plant/day in simultaneous inoculation (Mi+Rs) followed by 
concomitant inoculations, nematode inoculated prior to fungus 
(0.121g/plant/day) and fungus inoculated prior to the nematode 
(0.136g/plant/day) respectively. Leaf area was also reduced in the same manner 
(Table 4a. 1). 
The root-rot development due to fungus R. solani experienced in 
substantial enhancement in presence of nematode M. incognita. The maximum 
(4.39) being in simultaneous inoculation and minimum (4.28 and 4.22) in the 
treatments recdving nematode 15 days prior (Mi-Rs) and after fungus (Rs-Mi) 
respectively (Table 4a. 1). 
Maximum reduction in total chlorophyll contents was (67.96%) when 
both pathogens were inoculated simultaneously (Mi+Rs) in bottle gourd, 
followed by (61.36%) when the nematode was inoculated prior to the fungus 
(Mi-Rs) and (56.53%) in the plants when they were treated by fungus prior to 
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the nematode. Lowest reduction was recorded when plants were inoculated 
only with M incognita (46.52%) while in plants treated with R. solani alone 
the total chlorophyll control were reduced by 51.59% with 1.698 mg/gm in 
control when compared. Similar trends were observed in carotenoids (Table 
4a.2). 
The nematode population in plant root tissues as well as in soil around 
the plant roots was highest when nematodes occurred individually, but in 
different combinations with fungus it was reduced significantly. Total 
nematode population was 27520 Juveniles wiien plants were inoculated 
individually. In simultaneous inoculation 16960 larvae reduced. Total 
nematode population, when nematodes were inoculated prior to the fungus 
(Mi-Rs) was 21140 larvae while it was 13880 when fungus was inoculated 
prior to the nematode (Rs-Mi), Similarly rate of nematode multiplication was 
maximum 13.59 when nematode inoculated individually. It was reduced by 
8.48% >^en both the pathogens inoculated simultaneously. The nematode 
multiplication was reduced by 10.57% when fungus was inoculated prior to the 
nematode, and 6.97% when nematode was inoculated prior to the fungus 
(Table 4a.3). 
4.4.2 Effect of individual, simultaneous and sequential inoculation of 
root-knot nematode, Meloidogyne incognita and seedling-rot fungus, 
Pythium aphanidernwium on plant growth, photosynthetic pigments, 
nematode multiplication, root-rot and root-knot development on 
bottle gourd {Lagenaria lucantha) cv. Ward 
It is evident from table 4b. 1 that both the test pathogens caused 
significant reduction in total plant length over uninoculated control. The 
Meloidogyne incognita caused greater reduction (32.40%), than Pythium 
aphanidermatum (25.64%). In combined inoculations, the reduction in total 
plant length was significantly reduced by 43.78% in simultaneous inoculations. 
In sequential inoculation of nematode prior to fungus (Mi-Pa) the total plant 
length was reduced by 38.29% followed by 29.85% when fungus was 
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inoculated prior to the nematode over uninoculated control. Plant fresh weight 
was also reduced when plants were inoculated by the pathogens individually. It 
was reduced by 41.92% when inoculated by nematode alone followed by 
35.90% in case of fungus alone as against control. Highest reduction was 
observed 54.17% when both the pathogens inoculated simultaneously. In 
sequential inoculation when nematode inoculated 15 days prior to the fungus 
the total plant fresh weight was reduced by 46.65% and it was 38.16% when 
fungus was inoculated 15 days prior to the nematode. Similar trends were 
observed in case of plant dry weight. 
Net primary productivity and leaf area were followed the similar trend 
of reduction in different treatments. N.P.P was highly reduced in M. incognita 
treated plants (0.169g/plant/day) followed by Pythium aphanidermatum treated 
plants (0.185g/plant/day) over uninoculated control (0.314g/plant/day). Among 
interactions the maximum reduction was observed when both the pathogens 
were inoculated simultaneously (0.128g/plant/day) followed by sequential 
inoculation when nematode inoculated prior to fungi (0.153g/plant/day) and 
when fungus inoculated prior to the nematode (0.178g/plant/day). Leaf area 
was also reduced in the similar pattern (Table 4b. 1). 
The root-rot indices due to fungus P. aphanidermatum in bottle gourd 
increased in presence of root-knot nematode, M. incognita. Maximum root-rot 
indice (4.24) was found when both the pathogens inoculated simultaneously 
followed by sequential inoculations, nematode first than fungus (4.08) and 
fungus first than nematode (3.58) (Table 4b. 1). 
Chlorophyll a and chlorophyll b were reduced significantly when plants 
were treated individually, simultaneously and sequentially. Total chlorophyll 
contents were reduced by 45.51% when inoculated with nematode alone and it 
was reduced by 39.35% in case of fungus alone. Total chlorophyll contents 
were highly reduced (55.94%) in simultaneous inoculation of both fungus and 
nematode together followed by sequential inoculation (50.21%) when 
nematode was inoculated prior to the fungus and (42.70%) in its reciprocal 
95 
treatments. Carotenes were also reduced in the similar pattern in different 
treatments (Table 4b.2). 
The nematode population in plant root tissue, and soil around the plant 
roots was maximum 27180 larvae with rate of multiplication (13.59), when 
nematode occurred individually but when plants were inoculated 
simultaneously, the nematode population was reduced by 18066 larvae with 
multiplication rate (9.03) followed by sequential inoculations (21189 larvae 
with multiplication rate, 10.59), when nematode was inoculated prior to the 
fungus and (15240 larvae with multiplication rate 7.62) in the treatment when 
fungus was prior to the nematode respectively (Table 4b.3). 
4.5.1 Effect of individual and concomitant inoculation of variable 
inoculum levels of root-lcnot nematode, Mehidogyne incognita and 
root-rot fungus, Rhiioctonia solani on plant growth, photosynthetic 
pigments, nematode multiplication root-rot and root-luiot 
development on cucumber (Cucumis sativus) cv. Pointset. 
It is evident from the table 5a. 1 that the plant length was decreased 
gradually as the inoculum level of both the pathogens increased. Total 
reduction in plant length reduction was higher (21.54%, 27.88%, 36.25%) 
when plants were treated with different inoculum levels (0.5gm, l.Ogm and 
2.0gm) ofR. solani than the (20.14%, 25.38% and 34.25%) in M incognita 
treated plants with 500, 1000 and 2000 larvae per plant as compared to 142.8 
gm in control. In simultaneous inoculations total plant length was reduced in 
each combination. Highest reduction (46.78%, 51.89%, 57.27%) was observed 
when plants were treated with 2.0 gm i?. solani with increasing inouclum level 
of M incognita (500, 1000, 2000) followed by (40,28%, 45.66%, 50.19% and 
30.96%, 36.42% and -43.36%) reduction in concomitant inoculation of 500, 
1000 and 2000 larvae/plant with l.Ogm and 0.5gm R. solani respectively. 
The plant fresh weight was also highly reduced with R. solani at all 
three inoculum levels (28.98%, 35.65% and 45.46%) than M. incognita at all 
the three inoculum levels (31.11%, 34.76% and 40.86%) as compared to 
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47.40g in control. In simultaneous inoculation it was highly reduced (66.49%) 
vs^en 2.0 gm R. solani was inoculated with 2000 larvae of M incognita and 
lowest reduction (39.15%) was found when plants were inoculated with 0.5 gm 
R. solani and 500 larvae of M. incognita. In all the three combination of 
simultaneous inoculation the highest reduction (56.72%, 60.35% and 66.49%) 
was found when 0.5 gm, 1.0 and 2.0 gm fungus was inoculated with 2000 
juveniles/plant respectively. Plant dry weight was also reduced in the similar 
trend over control (TableSa. 1). 
Net primary productivity was reduced vs^en plants were individually 
inoculated by R. solani (0.121, 0.108, and 0.091 g/plant/day) followed by 
M incognita (0.099, 0.112, and 0.099g/plant/day) at three different inoculum 
levels. N.P.P was minimum (0.071, 0.062, and 0.050g/plant/day) in 
concomitant inoculations when 2.0 g fungus was inoculated with increasing 
inoculum level of nematode (500, 1000, and 2000 juveniles per plant) followed 
by (0.083, 0.075, and 0.064g/plant/day) and (0.101, 0.090, and O.OSlg/plant/ 
day) 11.0 g and 0.5 g fungus with the above mentioned nematode inocula. Leaf 
area was also reduced in the similar pattern. 
Root-rot development was increased with an increase in the inoculum 
level of tiie fungus alone in its various combinations with nematode, 
M incognita. In individual inoculation of R. solani the root-rot indices 
increased from 3.22 to 3.62, whereas in the presence of nematode in all the 
combinations the severity of root-rot increased to a varying degree from 3.72 to 
4.56 (Table 5a 1). 
Total nematode population was highest 25960 larvae was observed 
when plants were inoculated by 2000 larvae of root-knot nematode M 
incognita followed by 17560 and 13625 larvae with 1000 and 500 larvae /plant. 
The maximum reduction in nematode population (16280 larvae) was observed 
AAiien plants were treated with 2.0 gm i?. solani and 2000 larvae of M incognita 
simultaneously and minimum reduction was observed (10060 larvae) when 
97 
plants were inoculated with 100 g R. solani and 500 larvae of M. incognita 
simultaneously. 
Chlorophyll a and chlorophyll b reduced significantly when both the 
pathogens were inculated individually and simultaneously in different amount 
and different combinations. In individual inoculation R. solani reduced the total 
chlorophyll content (35.32%, 41.62%, and 50.71%) in all three inoculum levels 
(0.5, 1.0, 2.0 g) than (35.72%, 39.32% and 46.37%) in M. incognita at 500, 
1000 and 2000 larvae/plant as compared to 1.475mg/g in control. In 
simultaneous inoculation the highest reduction (73.01%) was observed when 
2.0 g R. solani was inoculated with 2000 larvae of M incognita and lowest 
(46.37%) when 0.5 g R. solani was inoculated with 500 larvae of M. 
incognita.la reduction pattern in carotenoids was also observed similar to the 
chlorophyll contents. (Table 5a.2) 
.Nematode multiplication was highest (27.25) when the initial inoculum 
level of nematode was lowest (500 larvae /plant) and lowest 12.98) when initial 
inoculum level was high (2000 larvae/plant). Rate of nematode multiplication 
was decreased as the amount of R. solani was increased. R. solani reduced the 
rate of nematode multiplication significantly to 17.05 when highest inoculum 
level (2.0 gm/plant) of/?, solani was used in combination with lowest inoculum 
level (500 larvae/plant). However, the reduction was comparatively less (11.45 
and 8.14) in its concomitance with 1000 and 2000 larvae respectively. 
(Table 5a.3). 
4.5.2 Effect of individual and concomitant inoculation of variable 
inoculum levels of root-knot nematode, Meloidogyne incognita and 
seedling-rot fungus, Pyihium aphanidermaiumon plant growth, 
photosynthetic pigments, nemtode multiplication root-rot and root-
knot development on cucumber (Cucumis saiivus) cv. Pointset. 
It is evident from the table 5b. 1 that plant length was decreased as the 
inoculum level of both the pathogens increased. Total plant length (20.14%, 
25.38%, 32.25%) was reduced vs4ien plants were inoculated with 500, 1000, 
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and 2000 larvae per plant, which is greater than (14.56%, 19.24% and 22.34%) 
when plants were inoculated with 0.5g, l.Og and 2.0 g of P. aphanidermatum 
respectively when compared with 142.80cm in control. In simultaneous 
inoculations plant length was reduced in each combination. Highest reduction 
(36.42%, 40.05% and 46.26%) was observed when plants were treated with 
2.0g of P. aphanidermatum with 500, 1000 and 2000 larvae of M incognita 
followed by 29.85%, 35.75%, 42.95% and 23.42%, 28.53%, 37.64% in 
concomitant inoculation of 500, 1000 and 2000 larvae/pot with l.Og and 0.5g 
P. aphanidermatum respectively. 
The reduction in plant fresh weight was (31.11%, 34.76% and 40.86%) 
with M incognita at all the three inouclum levels (500, 1000 and 2000 larvae) 
than (25.25%, 19.11%, 32.82% at 0.5g, l.Og and 2.0g P. aphanidermatum as 
compared to 47.40g in control. In simultaneous inoculations it was highly 
reduced (46.54%, 49.61Vo and 57.29%) when 2.0g fungus was inoculated with 
500,1000 and 2000 larvae per plant followed by (40.18%, 46.09% 51.72% and 
33.08%, 37.32% 48.05%) when P. aphanidermatum was inoculated with l.Og 
and 0.5g amount with the same increasing nematode inoculum levels. Plant dry 
weight was also reduced in the same way as observed in the plant fresh weight. 
Net primary productivity was lowest in M incognita treated plants 
(0.0635, 0.0593 and 0.0577g/plant/day) followed by P. aphanidermatum 
(0.0675, 0.0646 and 0.0617g/plant/day) at different inoculum levels. In 
concomitant inoculation the highest N.P.P. was noted when 0.5g fungal 
mycelial mat was inoculated with 500 juveniles of M incognita 
(0.0602g/plant/day) and lowest when 2.0g fungal mycelium of 
P. aphanidermatum was inoculated with 2000 juveniles of M incognita 
(0.0406g/plant/day). Plant leaf area was also showed the similar pattern of 
reduction in all the treatments as it was mentioned in N.P.P (Table 5b. 1). 
Root-rot development was directly proportional to the inoculum level. In 
fungal inoculation alone the root-rot indices was increased by 3.14 to 3.27 
where as it was further increased from 3.32 to 4.34 in simultaneous 
99 
inoculations of P. aphanidermatum with M incognita in different fungal and 
nematode combinations. (Table 5b. 1) 
Significant reduction in total chlorophyll contents was noticed both in 
the individual and simultaneous inoculation of both the pathogens. 
M incognita alone at various inoculums levels (500,1000, 2000 larvae) caused 
greater reduction (35.72%, 39.32% and 46.37%) followed by P. 
aphanidermatum (31.25%, 35.45% and 37.55%) as compared to 1.475 mg/g in 
control. Highest reduction in total chlorophyll content (52.47%, 54.71% and 
64.61%) was observed when 2.0 gm P. aphanidermatum was inoculated with 
500, 1000, and 2000 larvae of M incognita followed by (45.35%, 51.32% 
56.81% and 38.84%, 42.37%, 53.76%) in the concomitant inoculations of 
above nematode inoculum with l.Og and 0.5g fungal mycelium respectively. 
Carotene contents were also reduced in similar pattern as mentioned above in 
case of total chlorophyll content. (Table 5b. 2). 
The highest total nematode population (25960 larvae) was recorded 
when plants were treated with 2000 juveniles of M incognita per pot, where as 
it was decreased when different amount (0.5g, l.Og and 2.0g) P. 
aphanidermatum was inoculated with increasing (500, 1000 and 2000 larvae) 
inoculum level of M incognita in different combinations to a varying degree. 
Nematode multiplication was inversely proportional to the inoculum level of 
both the pathogens either individually or concomitantiy. It was highest (27.25) 
when initial inoculum level of nematodes was low (500 larvae/plant) and 
lowest (12.98) in initial inoculum level (2000 larvae/ plants) was increased. 
Rate of nematode multiplication was significantiy reduced (17.48) when 
highest fungal inoculum level (2.0 gm) of P. aphanidermatum was inoculated 
with lowest nematode inoculum level (500 larvae) of M incognita followed by 
11.79 and 8.57 when 2.0 g fungus was inoculated concomitantly with 1000 and 
2000 nematode larvae respectively (Table 5b.3). 
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4.6.1 Effect of individual, simultaneous and sequential inoculation of 
root-knot nematode, Meloidogyne incognita and root-rot fungus, 
Rhizoctonia solani on plant growth, photosynthetic pigments, 
nematode multiplication, root-rot and root-knot development of 
cucumber (Cucumis saiivus) cv. Pointset 
It is evident from the table 6a. 1 that total plant length was reduced wiien 
plants were inoculated by both the pathogens individually R. solani caused 
more damage (33.75%) thanM incognita (31.45%) as against in control (142.8 
cm). In sequential inoculations the total plant length was reduced by 48.75% 
when nematode was inoculated 15 days prior to fungus followed by 
40.27% when fungus was inoculated prior to nematode. Highest reduction in 
plant lengdi was observed (55.94%) v i^ien both pathogens inoculated 
simultaneously. 
Plant fresh weight was also decreased when inoculated by both the 
pathogens individually. The decrease in plant fresh weight was more (45.21%) 
in R. solani treated plants than (38.79%) in M. incognita treated plants as 
compared to control. Highest decrease (63.27%) was observed in plants when 
treated with both the pathogens simultaneously. In sequential inoculations total 
plant fresh weight was decreased by 57.99% v^en plants were treated with 
nematode prior to the fimgus whereas it was 49.87% when fungus was 
inoculated prior to the nematode. Plant dry weight was also reduced by both 
the pathogens in the similar pattern as mentioned above (Table 6a. 1). 
In individual inoculations net primary productivity in R. solani treated 
plants was 0.092g/plant/day followed by M. incognita (0.106g/plant/day). 
N.P.P is highly reduced in simultaneous inoculations of both the pathogens 
(0.058g/plant/day) followed by concomitant inoculations, nematode prior to the 
fungus (0.071 g/plant/day) and its reciprocal treatments (0.085g/plant/day). Leaf 
area was also reduced in all the treatments as in NPP as compared to control 
(Table 6a. 1). 
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In cucumber the root-rot indices was increased in presence of nematode, 
M. incognita. It was maximum (4.39) wiien R. solani and M. incognita WCTC 
inoculated simultaneously. In sequential inoculation root-rot index was 4.28 
vAi&n root-knot nematode was inoculated 15 days prior to the R. solani and 
4.16 when R. solani was inoculated 15 days prior to the nematode respectively 
(Table 6a 1). 
Chlorophyll a and chlorophyll b both were reduced when plants were 
inoculated with nematode and fungus individually. It was higher (51.11%) case 
of R. solani than (42.23%) in nematode inoculations as against control 
(1.475mg/g). Highest reduction in total chlorophyll contents (69.01%) was 
observed when both the pathogens were inoculated simultaneously. Total 
chlorophyll contents were reducing by 61.89% vviien nematode was inoculated 
imor to the fungus followed by 54.77% prior inoculation of fungus to 
nematode (Rs-Mi). Similar pattern of reduction was observed in carotenoid 
content of leaf of the plants over uninoculated control (Table 6a. 2). 
The nematode population in plant root tissues and in the soil of adjacent 
area of roots was higher (25960 larvae) when plants were inoculated with 
nematode individually and it was lowest (15720 larvae) when plants were 
inoculated with R. solani prior to M incognita and 22600 larvae when 
nematode were inoculated prior to the fungus. Rate of nematode multiplication 
was highly reduced (50.53%) when fungus was inoculated prior to the 
nematode as compared to 12.94% its reciprocal treatments and 38.38% in 
simultaneous inoculations. The highest numbers of galls per root system were 
observed when plants were inoculated with nematode alone (134.84) and it was 
reduced by 45.33% when both the pathogens inoculated simultaneously. When 
fungus was inoculated prior to the nematode the total numbers of galls per root 
system were reduced by 48.02% followed by 33.23% nematode prior to the 
fungus inoculation (Table 6a. 3). 
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4.6.2 Effect of individual, simultaneous and sequential inoculation of 
root-knot nematode, Meloidogyne incognita and seedling-rot fungus, 
Pythium aphanidermatum on plant growth, photosynthetic pigments, 
nematode multiplication, root-rot and root-knot development of 
cucumber (Cucuntis sativus) cv. Pointset 
Data presented in table 6b that Meloidogyne incognita reduced plant 
length by 31.45% which is higher than (24.52%) P. aphanidermatum when 
both the pathogens were inoculated individually. It was reduced by 41.94% 
when both pathogens were inoculated simultaneously. It was significantly 
reduced by 36.27% in sequential inoculations wiien nematode was inoculated 
prior to fiingus followed by 28.15% in its reciprocal treatment. 
Plant fresh weight was reduced by 41.26% vs^en plants were inoculated 
individually with nematode and it was 32.96% vy^ en inoculated by fungus 
alone. Highest reduction (52.10%) was observed when both the pathogens were 
inoculated simultaneously, while in sequential inoculation total plant fi-esh 
weight was reduced by 45.24% wiien nematode was inoculated prior to the 
fungus and 37.65% in its reciprocal treatment. Plant dry weight was also 
reduced in the similar way as observed in case of plant fresh weight 
(Table 6b. 1). 
Net primary productivity was significantly reduced in the M incognita 
treated plants (0.099g/plant/day) followed by P. aphanidermatum treated plants 
(0.0115g/plant/day) over uninoculated control. Among interactions it was 
highly reduced in the simultaneous inoculation of both the pathogens 
(0.078g/plant/day) followed by nematode inoculated prior to the fungus 
(0.089g/plant/day) and its reciprocal treatment (0.106g/plant/day) respectively. 
Though net primary productivity and leaf area were depend upon plant fresh 
weight, so they follow the same pattern of reduction as mentioned in plant fresh 
weight. 
The maximum (4.22) root rot indices in cucumber plants was found 
when P. aphanidermatum and M. incognita inoculated simultaneously. The 
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minimum (4.08 and 3.57) was found in sequential inoculations when nematode 
was inoculated 15 days prior to the fungus and its reciprocal treatment 
respectively (Table 6b. 1). 
Chlorophyll a and chlorophyll b were reduced when plants were 
inoculated with nematode and fungus individually. It was highly reduced 
(48.27%) v^ iien inoculated with nematode alone in comparison to (40.33%) in 
fungus alone. Reduction in total chlorophyll contents was highest (58.64%) in 
simultaneous inoculation of both the pathogens followed by (52.40%) in 
sequential inoculation when nematode were inoculated prior to the fungus and 
(44.40%) in its reciprocal treatment. Carotene content were also reduced in the 
similar pattern (Table 6b. 2). 
Highest total nematode population (25960 larvae) was observed when 
plants were inoculated by nematode individually. It was reduced by 17140 
larvae in simultaneous inoculation of both the pathogens followed by 18520 
larvae in sequentid inoculation when nematodes were inoculated prior to the 
fungus and (14040 larvae) when fungus was inoculated prior to the nematode. 
Rate of nematode multiplication was highest (12.98) wiien nematodes were 
inoculated individually. It was reduced by 33.97% in simultaneous inoculation 
followed by 27.65% in sequential inoculation (Mi-Pa) and 45.15% in its 
reciprocal treatment (Table 6b.3). 
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FLYASH RESULTS 
4.7 Physico chemical characteristics of fly ash amended soil 
Fly ash contained an ample supply of elements and salt compared to the 
field soil (Table 7). Water holding capacity, pH, conductivity, and porosity of 
the unamended soil was 44.3% 380%, 6.6, 3.2%, 4.0% in 10?^ fly ash amended 
soil and it was increased as the fly ash concentration was increased in the fly 
ash amended soil. The highest porosity, water holding, capacity, conductivity, 
and cation exchange capacity was recorded in 100% fly ash and it was 75%, 
121.84%, 131.25% and 122.5% respectively. Sulphate, carbonate, bicarbonate 
and diloride were also increased as die fly ash concentration in fly ash 
amended soil increased and these were highly increased in 100% fly ash by 
190%, 345%, 324%, and 523% respectively. The nitrogen content of the 
normal field soil was o.l41%, whilst it was below detection limit in the fly ash. 
The concentration of phosphorous, potassium, calcium, magnesium, 
manganese, cupper and zinc were also increase as the fly ash concentration in 
fly ash amended soil increased. They were noticed 345%, 328%, 614%, 852%, 
234% and 1193% in 100% fly ash as compared to their respective controls. 
A gradual increase in fly ash level in soil correspondingly increased the 
concentration of above-mentioned characters except for nitrogen (Table 7). A 
significant increase in these characters was generally recorded from 25% fly 
ash onward. 
4.8 Effect of different concentrations of fly ash on the growth 
characters and photosynthetic pigments of bottle gourd (Lagenaria 
lucantha) Cv. Ward. 
The results presented in table 8 revealed that plant growth of bottle 
guard was significantly improved in soil amended with fly ash up to certain 
extent. The improvement in growth parameters was found from those soil 
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amended with 10%, 25% and 50%, however, highest improvement was 
observed in the soil amended with 25% fly ash. The plant growth was highly 
affected with 75%, 90% and 100% fly ash because of phytotoxic effects in 
higher concentrations. 
The highest increase in total plant length was noted in 25% fly ash 
amended soil (+14.91%) over unamended control (152.74 cm) followed by 
10% and 50% fly ash amended soil (+6.88% and +4.77%). Decrease in total 
plant length occurred at 75% fly ash amended soil. The highest reduction in 
plant length was noted in 100% fly ash level (41.20%) over control (Table 8a). 
Total plant weight was also highest in 25% fly ash amended soil 
(26.96%) followed by 10% and 50% (+10.41% and 7.41%) over control 
(70.64g). Highest decrease was noted in 100% fly ash level (53.27%) followed 
by 90% and 75% fly ash amended soil (-39.84% and -24.20%) over 
unamended control (70.64gm). Plant day weight was also increase and decrease 
in the similar pattern (Table 8a). 
Net primary productivity was also increased at 25% fly ash amended 
soil (0.380g/plant/day) followed by 10% and 50% fly ash amended soil 
(0.346g/plant/day and 0.336g/plant/day) over control (0.302g/plant/day). The 
highest reduction jn N.P.P was observed in 100% fly ash level 
(0.117g/plant/day) followed by 90% and 75% fly ash amended soil 
(0.171g/plant/day and 0.214g/plant/day). Leaf area of the bottle gourd was also 
increase and decrease in the similar pattern (Table 8a). 
Photosynthetic pigments were also increased and decrease in similar 
pattern. Total chlorophyll content were highly increased in 25% fly ash 
amended soil (32.72%) followed by 10% and 50% fly ash amended soil 
(+13.29% and +11.65%) over control (1.690mg/g). Highest decrease was in 
100% fly ash level (58.87%) followed by 90% and 75% fly ash amended soil 
(-44.32% and - 29.76%) significantly. Carotenes content were also increased 
and decreased in the similar pattern (Table8b). 
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4.9.1 Interactive effect of different concentration of fly ash and root-knot 
nematode, Meloidogyne incognita on plant growth character, 
photosynthetic pigments and nematode multiplication on the bottie 
gourd (Lagenaria lucaniha) cv. Ward-
The introduction of 2000 Juveniles of M incognita in each treatment 
fiirther reduced the plant growth of bottle gourd. (Table 9a). The development 
of root knot also noticed in each plant and found to be more in unamended 
inoculated control. There was a positive correlation between the damage of 
plant growth and development of root knot on bottle gourd. 
The plant length of bottle gourd was highly improved in 10%, 25% and 
50% fly ash amended soil. The highest increase in plant length (+15.64%) was 
found in 25% followed by 10% and 50% fly ash amended soil (+7.46% and 
+5.02%) over unamended and inoculated control (102.43cm) which is 32.93% 
less than the uninoculated unamended control, wiiile highest decrease in total 
plant length was noted in 100% fly ash (-36.20%) followed by 90% and 75% 
fly ash amended soil (-17.61% and -10.76%) over control (Table.9a. 1). 
Total i^ant fresh weight was also highly increased in 25% fly ash 
amanded soil (+28.30%) followed by 10% and 50% fly ash amended soil 
(+11.64% and +8.62%) over unamended and inoculated control (42.08g) which 
is noted 40.43% less than uninoculated control. Plant fresh weight was highly 
reduced in 100% flash (-42.68%) followed by 90% and 75% fly ash amended 
soil (-30.00% and -24.06%). Plant dry weight was also highly increased at 
25% fly ash amended soil (+34.64%) and highly decreased at 100% fly ash 
level (-54.60%) over unamended and inoculated control (9.67 gm). 
Net primary productivity, leaf area and photosynthetic pigments were 
depend upon the plant fresh weight. Net primary productivity (N.P.P.) was 
recorded highest (0.217g/plant/day) in 25% followed by 10% and 50% fly ash 
amended soil (0.186g/plant^day and 0.180g/plant/day) over unamended and 
inoculated control. It was lowest (0.073) in 100% fly ash amended soil 
followed by 90% and 75% fly ash amended soil (0.096g/plant/day and 
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0.112g/plant/day) over unamended and uninoculated control. Similarly leaf 
area of the bottle gourd was also shows the similar pattern (Table 9a 1). 
Total photosynthetic pigments were also increased and decrease similar 
to the plant weight of the bottle gourd. Highest increase in total chlorophyll 
content was noted in 25% (+30.10%) followed by 10% (+12.15%) and 50% 
(+11.10%) fly ash amended soil over unamended and inoculated control (0.897 
mg/gm) where it was determined (46.92%) less than uninoculated control. 
Highest decrease was noted in 100% fly ash (-54.62%) followed by 90% 
(-37.79%) and 75% (-28.76%) fly ash amended soil. Carotenoids were also 
highly increased at 25% fly ash level (+35.04%) and highly decreased at 100% 
fly ash level (-57.54%) over unamended and inoculated control (0.00351 
mg/gm) (Table 9a.2). 
Rate of Nematode multiphcation was highly reduced in 100% fly ash 
(77.52%) followed by 25%, 90%, 75% and 50% (73.91%), 69.02%, 63.97%, 
58.35%) fly ash amended soil. Minimum decrease in the nematode 
multiplication was noted in 10% (29.97%) fly ash amended soil over 
unamended and inoculated control (13.88) (Table 9a. 3). 
4.9.2 Interactive effect of different concentration of fly ash and root-rot 
fungus, Rhizoctonia solani on plant growth characters, root-rot 
index and photosynthetic pigments on bottlegourd (Lagenaria 
lucantha) cv. Ward. 
Root-rot fungi, Rhizoctonia solani (2.0g) v\iien applied to the roots of 
bottle gourd in each fly ash level it reduced the plant growth. The development 
of root-rot was also noted in each plant and foimd to be more in unamended 
and inoculated control (Table 9b). There was a positive correlation between the 
damage in plant growth and development of root-rot on bottle gourd. 
The plant length was highly increased at 25% (+14.23%) followed by 
10% and 50% fly ash amended soil (+6.41% and +4.64%) over unamended and 
uninoculted control (96.32 cm), which is 36.93% less than uninoculated 
control. Reduction in plant length was noted 75%, and 90% (-12.24% and -
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19.28%) fly ash amended soil and hi^est reduction was observed (-38.17%) in 
100% fly ash level. 
Plant fi-esh weight was also improved highly in 25% (+27.50%) 
followed by 10% and some improvement was also noted in 50% fly ash 
amended soil (+7.72%) over unamended and inoculated control (4l.08g), 
where it was determined (41.84%) less in unamended and uninoculated control. 
Highest reduction was noted in 100% fly ash level (-44.88%) followed by 90%, 
and 75% fly ash amended soil. Total plant dry weight was also showed the 
similar trend of increase and decrease over unamended and inoculated control. 
Net primary productivity was highest (0.238g/plant/day) in 25% 
followed by 10% and 50% fly ash amended soil (0.205g/plant/day and 
0.199g/plant/day) over unamended and inoculated control (0.179g) whereas, it 
was 0.302 g/plant/day in uninoculted control. Lowest N.P.P. was observed in 
100% fly ash (0.071 g) followed by 90% and 75% fly ash amended soil 
(O.lOSg/jdant/day and 0.122g/plant/day). Similar trends were also observed in 
plant leaf area of the bottle gourd (Table 9b. 1). 
Root-rot development was found highest (4.09) in unamended and 
inoculated soil. It was lowest in 100% fly ash, level (3.18) followed by 25% 
(3.32), 90% (3.43), 75%, (3.62), 50%, (3.86) and 10% (4.00) fly ash amended 
soil respectively (Table 9b. 1). 
Total chlorophyll content were highly improved (+32.00%) in 25% 
followed by 10% and 50% fly ash amended soil (+13.06% and +11.10%) over 
unamended and inoculated control (0.903 mg/g), which is 46.56% less than 
uninoculated control and it was highly reduced in 100% fly ash (-56.53%) 
followed by 90% and 75% fly ash amended soil (-39.42% and -31.45%). 
Similarly carotenes were also increased and decreased over unamended and 
inoculated control (Table 9b.2). 
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4.9.3 Interactive effect of different concentration of fly ash and seedling-
rot fiingus, Pythium aphanidermatum on the growth characters, 
seedling-rot development and photosynthetic pigments in bottle 
gourd (Lagenaria lucaniha) cv. Ward -
It is evident from the Table 9C that seedling-rot fungus, Pythium 
aphanidermatum cause damage to the plants of the bottle gourd when 2 gm of 
mycelium was inoculated to the roots of the plant. Plant growth was improved 
when it was grown in 25% fly ash amended soil over unamended and 
inoculated control and it was higUy reduced at 100% fly ash level. 
Total plant length was highly increased in 25% fly ash amended soil 
(+16.28%) foUowed by 10% (+7.93%) and 50% (+5.35%) fly ash amended 
soil over unamended and inoculated control (112.61 cm) w^ch is noted 
26.27% less than unamended and uninoculated control. Highest decrease in 
total plant length (-32.40%) was noted in 100% fly ash level followed by 90% 
(-15.28) and 75% (-8.55%) over unamended and inoculated control (Table 
9C.1). 
Plant fresh wei^t was also highly improved in 25% fly ash level 
(+28.92%) followed by 10% and 50% fly ash amended soil (+12.78% and 
+8.86%) over unamended and inoculated control (47.15 g) while in unamended 
and uninoculated control it was noted 70.64 gtn. Plant fresh weight was highly 
decreased in 100% fly ash level (-38.45%) followed by 90% and 75% (-27.27% 
and -21.06%) fly ash amended soil. Plant dry weight was also increase and 
decrease in the same pattern (Table 9C. 1). 
Plant weight was correlated with N.P.P., leaf area and photosynthetic 
pigments. N.P.P. was noted highest (0.246 g/plant/day) in 25% followed by 
10% and 50% (0.211 g/plant/day and 0.205g/plant/day) fly ash amended soil 
over unamended and inoculated control (0.182gm). Lowest N.P.P. was noted in 
100% fly ash level (0.092g) followed by 90% and 75% (0116g/plant/day and 
0.134g/plant/day). Highest leaf area was found increasing and decreasing in the 
similar pattern as N.P.P in all the treatments over unamended and inoculated 
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(0.028g/plant/day) followed by 90% and 75% (0.039g/plant/day and 
0.054g/plant/day) fly ash amended soil. Leaf area was also highest (108.7cm ) 
at 25% and lowest (69.8cm^) at 100% fly ash level over (94.8cm^) unamended 
and inoculated control. Root-rot development with root-knot nematodes was 
found highest in unamended and inoculated plants (4.39) and it was minimum 
in 100% fly ash level (3.36) followed by 25%, 90%, 75%, 50% and 10% (3.50, 
3.78, 3.97,4.10, and 4.25) fly ash amended soil respectively (Table 10b. 1). 
Total chlorophyll content was highly increased in 25% fly ash amended 
soU (+28.45%) followed by 10% (+12.73%) and 50% (+7.43%) over 
unamended and inoculated control (0.471 mg/gm) whereas it was determined 
72.13% reduction over unamended and uninoculated control. It was highly 
decreased in 100% fly ash level (-66.45%) followed by 90% and 75% (54.98% 
and 37.57%) fly ash amended soil. Similarly carotenes were also increased in 
10%, 25% and 50% amended fly ash and decreased in 75% fly ash amended 
soil onward significantly (Table 10b. 2). 
Nematode population was lowest 4368 larvae with 2.18 rate of 
nematode multiplication followed by 5750 larvae with 2.37,was reduced in all 
levels of fly ash amended soil. It was highly reduced (84.57%) in 100% fly ash 
followed by 25%, 90%, 75%, 50% and 10% fly ash amended soils over 
unamended and inoculated contiol (8.62). Development of root knot was also 
noticed in each plant and found to be more in unamended and inoculated 
control. It was also reduced in the pattern of root-rot development (Table 
lOb.3) 
4.11 Effect of difTerent concentration of fly ash on the growth characters 
and photosynthetic pigments on cucumber (Cucumis sativus) cv. 
Pointset 
The results presented in table 11 revealed that plant growth of cucumber 
was significantiy improved in soil amended with fly ash up to certain extent. 
The improvement in growth parameters was found from those soil amended 
with 10%, 25% and 50%, however, highest improvement was observed in the 
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soil amended with 25% fly ash. The plant growfli was highly affected in those 
soU amended with 75%, 90% and 100%. 
The highest increase in total plant length was noted in 25% fly ash 
amended soU (13.83%) followed by 10% and 50% (+5.23% and +3.45%) fly 
ash amended soil over unamended control set (139.82 cm). Stepwise decrease 
in total plant length occurred at 75% on ward fly ash amended soil. The highest 
reduction in plant length was noted in 100% fly ash level (42.21%) followed by 
90% and 75% (-27.14% and -11.52%) fly ash amended soil (Table 11a). 
Plant fresh weight was also highly increase in 25% fly ash amended soil 
(+ 25.27%) followed by 10% and 50% (+8.90% and +6.08%) fly ash amended 
soil, and highly decreased in 100% fly ash level (53.94%) followed by 90% 
and 75% (-40.20% and-25.05%) fly ash amended soil over unamended control 
(34.85gm). Plant day weight was also increased and decreased in the similar 
pattern (Table. 11a). 
Net primary productivity was also highest at 25% fly ash amended soil 
(0.230g/plant/day) followed by 10% and 50% (0.200g/plant/day and 
0.195g/plant/day) fly ash amended soil. N.P.P was decreased in 100% fly ash 
level (0.067g/plant/day) followed by 90% and 75% (0.094g/plant/dayand 
0.124g/plant/day) fly ash amended soil over the unamended control (0.177 
g/plant/day). Leaf area of the cucumber was also increased and decreased in the 
similar pattern (Table. 11a). 
Photosynthetic pigments were also increased and decreased in similar 
pattern. Total chlorophyll content was highly increased in 25% fly ash 
amended soil (+31.89%) followed by 10% and 50% (+12.59% and +10.81%) 
fly ash amended soil and it was highly decreased in 100% fly ash level 
(-59.68%) followed by 90% and 75% (-45.10% and -29.28%) fly ash amended 
soil respectively. Carotenes content were also increased and decreased in the 
similar pattern (Table 1 lb). 
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4.12.1 Effect of different concentration of fly ash and root-knot nematode, 
Meloidogyne incognita on plant growth, photosynthetic pigments 
and nematode multiplication on the cucumber (Cucumis sativus) cv. 
Pointset 
The introduction of 2000 Juveniles of M. incognita in each treatment 
further reduced the plant growth of cucumber (Table 12a). There was a positive 
correlation between the damage of plant growth and development of root knot 
on cucumber. 
The plant length of cucumber was highly improved in 50%, 25% and 
50% fly ash-amended soil. The highest increase in plant length (+14.27%) was 
found in 25% followed by 10% and 50% (+6.58% and +4.28%) fly ash 
amended soil over unamended and inoculated control (95.42 cm) which is 
32.74% less than the uninoculated control, while highest decrease in total plant 
length was noted in 100% fly ash (-35.20%) followed by 90% and 75% 
(-16.25% and-10.82%) fly ash amended soil. 
Total plant fi-esh weight was also highly increased in 25% fly ash 
amended soil (+26.81%) followed by 10% and 50% (+10.69% and +7.12%) fly 
ash amended soil over unamended and inoculated control (23.01g), which is 
noted 39.97% less than uninoculated control. It was highly reduce in 100% fly 
ash (-41.37%) followed by 90% and 75% (-30.24% and -22.59%) fly ash 
amended soil. Plant dry weight was also highly increased at 25% fly ash 
amended soil (+32.15%) and highly decreased at 100% fly ash level (-52.94%) 
over unamended and inoculated control (6.78 gm) respectively (Table 12a. 1). 
Net primary productivity, leaf area and photosynthetic pigments were 
depending upon the plant fresh weight. Net primary productivity (N.P.P.) was 
recorded highest (0.149g/plant/day) in 25% followed by 10% and 50% 
(0.128g/plant/day and 0.125g/plant/day) fly ash amended soil over unamended 
and inoculated control (0.113g/plant/day), where it was 0.177g/plant/day in 
unamended and uninoculated control. It was lowest (0.053) in 100% fly ash 
followed by 90% and 75% (0.071g/plant/day and 0.079g/plant/day) fly ash 
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amended soil respectively. Leaf area of tiie cucumber was also shows the 
similar pattern (Table 12a.l). 
Total photosynthetic pigments were also increased and decreased similar 
to the plant weight of the cucumber. Highest increase in total chlorophyll 
content was noted in 25% (+30.31%) followed by 10% (12.86%) and 50% 
(10.25%) fly ash amended soil over unamended and inoculated control (0.917 
mg/ gm) whereas it was determined 37.23% less than uninoculated control. 
Highest decrease was noted in 100% fly ash (-46.67%), followed by 90% 
(36.42%) and 75% (-27.58%) fly ash amended soil. Carotenes were also highly 
increased at 25% fly ash level (+32.58%) and highly decreased at 100% fly 
ash level (-48.75%) over unamended and inoculated control (0.00351 mg/g) 
(Table 12a.2). 
Lowest nematode population 6104 larvae with lowest rate of nematode 
multiplication 3.05 was noted in 100% fly ash, followed by 25%, 90%, 75% 
and 50% (7028 larvae with3.51, 8482 larvae with 4.24, 9857 larvae with 4.92, 
10942 larvae with 5.47 and 18825 larvae with 9.41 rate of nematode 
multiplication) fly ash amended soil when compared with 24740 larvae with 
12.37 ate of nematode multiplication in unamended and inoculated control. 
(Table 12a 3) 
4.12.2 Effect of different concentration of fly ash and root-rot fungus, 
Rhizoctonia solani on plant growth, root-rot development and 
photosynthetic pigments on cucumber (CucunUs sativus) Cv. 
pointset 
Rot-rot fungi Rhizoctonia solani (2.0g) when apply to the roots of 
cucumber in each fly ash level it reduce the plant growth. Development of root-
rot was also noted in each plant and found to be more in unamended and 
inoculated control (Table 12b). There was a positive correlation between the 
damage of the plant growth and development of root-rot on cucumber. 
The plant length was highly increased at 25% (+14.46%) followed by 
10% and 50% (+5.68% and +3.88%) fly ash amended soil over unamended 
to 
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and uninoculated control (90.21 cm), which is 35.48% less than inoculated 
control. Reduction in plant length was noted 75% onward fly ash amended soil 
and highest reduction was observed (-39.04%). In 100% followed by 90% and 
75% (-19.86% and-12.32%) fly ash amended soil respectively (Table 12b.l). 
Plant fi-esh weight was also improved highly in 25% (+26.40%) 
followed by 10% and 50% (+9.72% and +6.41%) fly ash amended soil over 
unamended and inoculated control 20.26g, which is determined 44.86% less in 
unamended and uninoculated control. Highest reduction was noted in 100% fly 
ash level (-45.65%) foUowed by 90% and 75% (-34.30% and -25.32%) fly ash 
amended soil. Total plant dry weight was also showed the same trend of 
increase and decrease over unamended and inoculated control (Table 12b.l). 
Net primary productivity was highest (0.123g/plant/day) in 25% 
followed by 10% and 50% (0.10.5g/plant/day and 0.103g/plant/day) fly ash 
amended soil over unamended and inoculated control (0.093g/plant/day) vv^ iere 
it was 0.177g/plant/day in uninoculted control. Lowest N.P.P. was observed in 
100% fly ash (0.039g/plant/day) followed by 90% and 75% (0.054g/plant/day 
and 0.062g/plant/day). Similar trends were also observed in plant leaf area of 
the cucumber. Root-rot development was found highest (4.02) in unamended 
and inoculated soil. It was lowest in 100% fly ash, level (3.19) followed by 
25% (3.27), 90% (3.36), 75%, (3.48), 50%, (3.67) and 10% (3.88) fly ash 
amended soil (Table 12b.l). 
Total chlorophyll contents were highly improved (+30.74%) in 25% 
followed by 10% and 50% (+12.71% and +10.24%) fly ash amend soil over 
unamended and inoculated soil (0.771 mg/g), which is 47.22% less than 
uninoculated control. It was highly reduced in 100% fly ash (-56.94%) 
followed by 90% and 75% (-40.07% and -31.90%) fly ash amended soil. 
Similarly carotenes were also increased and decreased over unamended and 
inoculated control (Table 12b.2). 
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4.12.3 Effect of different concentration of fly asli and seedling-rot fungus, 
Pythium aphanidermatum on the growth, root-rot development and 
photosynthetic pigments in cucumber (Cucumis sativus) cv. Pointset 
It is evident from the Table 12C that seedling-rot fungus, Pythium 
aphanidermatum cause damage to the plants of the cucumber when 2.0 gm of 
fungal mycelium was inoculated to the roots of the plant. Plant growth was 
improved vsiien it was grown in 25% fly ash amended soil over unamended 
and inoculated control and it was highly reduced at 100% fly ash level. 
(Table 12C). 
Total plant length was highly increased in 25% fly ash amended soil 
(+17.28%) foUowed by 10% (+8.34%) and 50% (+5.86%) fly ash amended soil 
over unamended and inoculated control (101.34 cm) ^^ch is not«l 23.52% 
less than unamended and uninoculated control and it was decreased amend by 
75% fly ash amended soil onward. Highest decrease in total plant length 
(-33.24%) was noted in 100% fly ash level followed by 90% and 75% 
(-16.41% and-8.76%) fly ash amended soil respectively (Table 12C. 1). 
Plant fresh weight was also highly improved in 25% fly ash level 
(+30.54%) followed by 10% (+12.23%) and 50% (+8.45%) fly ash amended 
soil over unamended and inoculated control (23.54g), which is determined 
32.45% less dian unamended and uninoculated control (34.85g) The fresh 
weight was highly decreased in 100% fly ash level (-39.76%) followed by 90% 
(-30.88%) and 75% (-21.70%) fly ash amended soil. Plant dry weight was also 
increased and decreased in the same pattern (Table 12C. 1). 
Plant fresh weight was correlated with N.P.P, leaf area and 
Photosynthetic pigments. N.P.P. was noted highest (0.148g/plant/day) in 25% 
followed by 10% (0.127g/plant/day) and 50% (0.122g/plant/day) fly ash 
amended soil over unamended and inoculated control (0.108g/plant/day). 
Lowest N.P.P. was noted in 100% fly ash level (0.054g/plant/day) followed by 
90% (0.068g/plant/day) and 75% (0.078g/plant/day) fly ash amended soil. 
Highest leaf area was found increased and decreased in the similar pattern as 
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N.P.P. (Table 12C.1). Root-rot index was highest in unamended and inoculated 
plants (3.30) and reduction of root-rot indices from 100% to 10% fly ash 
amended soil was ranges from 2.71 to 3.18 respectively (Table 12C.1). 
Total chlorophyll contents were found highest in 25% (+34.55%) 
followed by 10% and 50% (+16.38% and +11.40%) fly ash amended soil over 
unamended and inoculated control (0.903 mg/g). The decrease in total 
chlorophyll content was noted in 75% fly ash amended soil onward. The 
highest reduction was noted in 100% fly ash level (-45.51%) followed by 90% 
and 75%(-34.33% and -25.80%) fly ash amended soil. Similar pattern was 
found in carotene contents of cucumber (Table 12C.2). 
4.13.1 Interactive effect of different concentration of fly ash, seedling-rot 
ftuD^|[iis, PythUim aphanido'mahim and root-knot nematode, 
Mdoidogyne incognita on plant growth, root-rot development, 
nematode multiplication and photosynthetic pigment in cucumber 
(Cucumis sativus) cv. Pointset. 
Results presented in the table 13a revealed that the plant growth was 
improved significantly in 10%, 25% fly ash amended soil wiien plants were 
inoculated with 2.0g fungal mycelium of P. aphanidermatum and 2000 
Juveniles of Meloidogyne incognita. The reduction in plant growth was noted 
in 75% fly ash amended soil onward. 
Total plant length was highly improved in 25% fly ash amended soil 
(+13.14%) followed by 10% (+5.28%) fly ash amended soil. 50% fly ash 
amended soil shows little bit improvement (+2.13%) in total plant length over 
unamended and inoculated control. The highest reduction was noted in 100% 
fly ash level (-44.17%) followed by 90% and 75% (+24.52% and-14.53%) fly 
ash amended soil over unamended and inoculated control 74.32 cm which is 
46.84% lesser than the unamended and uninoculated treatment (Table 13 a. 1). 
Total plant fresh weight was also highly increase in 25% fly ash 
amended soil (+24.38%) followed by 10% (+7.30%) and 50% (+3.95%) over 
unamended and inoculated control (14.93 g) while plant fresh weight in 
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unamended and uninoculated plants was noted 57.15% more than inoculated 
control. The highest decrease in plant fresh weight was noted in 100% fly ash 
level (-55.31%) followed by 90% (-44.27%) and 75% (-28.33%) fly ash 
amended soil. Total plant dry weight was also showed the same pattern of the 
growth (Table 13 a. 1). 
Net primary productivity, leaf area and photosynthetic pigment were 
directly correlated with plat fresh weight. Therefore N.P.P was highest in 25% 
(0.079g/plant/day) followed by 10% (0.069g/plant/day) and 50% (0.066g/ 
plant/day) fly ash amended soil, while it was lowest in 100% fly ash (0.023g) 
as followed by 90% (0.029g/plant/day) and 75% (0.040g/plant/day) fly ash 
amended soil over unamended and inoculated control (0.061 g). N.P.P. in 
unamended and uninoculated plant was found 0.177g/plant/day. Leaf area was 
also show the decrease and increase over unamended and inoculated control as 
in case of N.P.P (Table 13b. 1) Root-rot development with root-knot nematodes 
was found highest in unamended and inoculated plants (4.26) and it was 
minimum in 100% fly ash level (3.42) followed by 25%. 90%, 75%, 50% and 
10% (3.62, 3.79, 3.97 and 4.11) fly ash amended soU Table 13a 1). 
Total chlorophyll contents were highly increased in 25% fly ash 
amended soil (+30.54%) followed by 10% (+13.09%) and 50% (+7.81%) over 
unamended and inoculated control (0.550mg/g), whereas it was determined 
62.35% less than unamended and uninoculated control. Chlorophyll contents 
were highly decreased in 100% fly ash level (-63.35%) followed by 90% 
(-52.36%) and 75% (-36.54%) fly ash amended soil. Similarly carotenes were 
also increased in 10%, 25% and 50% amended fly ash and decreased in 75% 
fly ash amended soil onward significantly (Table 13a.2). 
Lowest nematode population 4072 larvae with 2.03 rate of nematode 
multiplication was noted in 100% fly ash level followed by 25%, 90%, 75%, 
50% and 10% (5296 larvae with 2.64, 6129 larvae with 3.06, 8476 larvae with 
4.23, 9238 larvae with 4.61 and 12200 larvae with 6.19 rate of nematode 
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multii^cation) fly ash amended soils over unamended and inoculated control 
15420 larvae with 7.71 rate of nematode multiplication (Table 13a.3). 
4.13.2 Interactive effect of different concentration of fly ash, root-rot 
fungus, Rhizoctonia solani and root-knot nematode, Meloidogyne 
incognita on plant growth, root-rot development, nematode 
multiplication and photosynthetic pigment in cucumber (Cucumis 
sativus) cv. Pointset 
It was evident from the table 13 b that the plant growth of botde gourd 
were significantly improved in soil amended with fly ash up to certain extent 
after inoculation the plants with 2.0 gm fungal mat of Rsolani and 2000 
juveniles of M incognita in each fly ash level. The highest improvement in the 
growth parameters was observed in the soil amended with 25% fly ash and 
jdant growth was drastically affected in the soil amended with 75% fly ash and 
onward thCTC was a positive correlation between the damage of plant growth 
and development of root-rot and root knot on cucumber. 
The plant loigth of cucumber was significantly improved in 10% and 
25% amended soil with fly ash. The highest improvement (+12.59%) was 
recorded fi"om those soil amended wit 25% fly ash amended soil followed by 
10% (+5.17%) and the minimum (-45.28%) fi-om 100% fly ash followed by 
90% (-25.82%) and 75% (-14.74%) fly ash amended soil as compared to the 
unamended and inoculated control (63.43cm), wiiereas it was determined 
(-56.63%) reduction over uninoculated control. The plant length in 50% fly ash 
amended soil was noted no more difference from unamended and inoculated 
control. Plant length was highly reduced in 100% (-45.28%) fly ash followed 
by 90% (-25.82%) and 75% (-14.74) fly ash amended soil respectively 
(Table 13b. 1). 
Total plant fresh weight was significantly improved 25% (+21.03%) 
followed by 10% (+8.21%) and 50% (3.11%) fly ash amended soil and it was 
reduced in 100% fly ash level (-56.21%) followed by 90% (-45.96%) and 75% 
(-28.89%) fly ash amended soil as compared to the unamended and inoculated 
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control (14.12g) whereas it was reduced (-65.40%) over uninoculated control. 
Similar pattern of improvement and reduction was noted in plant dry weight 
(Table 13b. 1). 
Net primary productivity, leaf area and photosynthetic pigment were 
directly correlated with plat fresh weight. Therefore N.P.P was highest in 
25% (0.073g/plant/day) followed by 10% (0.064g/plant/day) and 50% 
(0.061g/plant/day) fly ash amended soil, while it was lowest in 100% fly ash 
(0.021g) as followed by 90% (0.027g/plant/day) and 75% (0.038g/plant/day) 
fly ash amended soil over unamended and inoculated control (0.057g). N.P.P. 
in unamended and uninoculated plant was found 0.177g/plant/day. Leaf area 
was also show the decrease and increase over unamended and inoculated 
control as in case of N.P.P. Development of root-rot was found highest (4.35) 
in unamended soil and then it was highly reduced in 100% fly ash followed by 
25%, 90%, 75%, 50% and 100% fly ash amended soil. It was ranges from 3.34 
to 4.20 from 100% to 10% fly ash level mentioned as the above pattern (Table 
13b. 1). 
Total chlorophyll contents were highly improved in 25% fly ash 
amended soU (+28.03%) followed by 10% (+11.50%) and 50% (+6.69%) over 
unamended and inoculated control (0.478 mg/g) wWch was 67.28% less than 
uninoculated control. The highest reduction was noted in 100% fly ash 
(-64.85%) over unamended and inoculated control followed by 90% and 75% 
fly ash amended soil. Carotenoid contents were also showed the similar pattern 
of their improvement and enhancement over unamended and inoculated control 
(Table 13b.2). 
Lx)west nematode population 1925 larvae with 0.96 rate of nematode 
multiplication was noted in 100% fly ash level followed by 25%, 90%, 75%, 
50% and 10% (4785 larvae with 2.39, 5018 larvae with2.50, 7320 larvae with 
3.66, 8542 larvae with 4.27 and 11875 larvae with 5.93 rate of nematode 
multiplication) fly ash amended soils over unamended and inoculated control 
14260 larvae with 7.13 rate of nematode multiphcation (Table 13 b. 3). 
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DISCUSSION 
In soil ecosystem, roots of plants are constantly exposed to the 
multiplicity of organisms including fungi, nematodes, bacteria and viruses etc., 
many of \^ Wch are common component of the same environmental niche. Plant 
parasitic nematodes are capable of producing recognizable disease symptoms 
on suitable hosts. Different nematode problems occur in all over the world, 
vsiiere crops are grown. The most evident damage occurs in the warm areas 
where amongst other nematodes, root-knot nematode, Meloidogyne spp. are the 
most important nematode pest. It is now well established that plant parasitic 
nematodes cause considerable damage to economically important plants and 
have been firmly recognized as one of the important biological constraints for 
crop production. Most of the diseases caused by nematodes are debilitating, 
however, in association with other pathogens, the disease picture is often 
drastically altered. Several workers have reported the interrelation and 
interaction between nematodes and fungi on different economically important 
plants (Powell 1963,1971a; 1979; Pitcher, 1965; Bergeson, 1972; Kumar and 
Siva Kumar 1986; Ribeiro and Ferraz, 1983). These investigations have led to a 
change from monopathogenic to multipathogenic disease concept. Though all 
the plants are being parasitized by one or more patiiogens at a given time in 
nature, the economic losses become evident only when theire population or the 
quality exceed to noxious levels. On the basis of production figures and prices 
of 1984, the worldwide crop losses due to nematodes in 21 crops, 15 of which 
are life sustaining, were estimated by Sasser and Freckman (1987) at $77 
billion annually. They further visualized that the losses would probably exceed 
$100 billion annually when all the world crops are considered together. 
In case of cucurbit, the major obstacles in the way of increasing 
production are various diseases which are responsible for reduction and 
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uncertainty in cucurbit yield (Wahab et.aJ, 1978; Fukutomi et. al, 1979; Gong 
et. al, 1981; Moussa etMl, 1981; Dabaj and khan, 1982; Assawah et. al, 1984; 
Abdel Lalif et al, 1985; Echavez, 1989; TeUo, 1990; Wehner et. al, 1991; 
Naresh Mehta, 1992; Corazza et.al, 1992; Lima et .al, 1994 and Aegerter 
et. al, 2000). 
The presoit study embodies three broad aspects related to the pathogens, 
M.incognita, R. solani and P. aphanidermatum in both the crops i.e., bottle 
gourd and cucumber viz. Pathogenecity test, interaction of all the three 
pathogens and strategies for their control by fly ash. The results of the 
experiments conducted for the present study are discussed below. 
Varietal reaction of bottle gourd and cucumber against M.incognita, 
R. solani and P, aphanidermatum-
In case of bottle gourd three varieties i.e.. Ward, Ganesh and Pusa 
Naveen were screened for their reaction in terms of damage in plant length, 
fresh as well as dry weights, net primary productivity (N.P.P), leaf area, 
photosynthetic pigment, root-knot and root-rot development by using different 
inoculum levels of root-knot nematode, Meloidogyne incognita, root-rot 
fungus, Rhizoctoma solani and seedling-rot fungus, Pythium aphanidermatum. 
These varieties showed varying degree of susceptibility to the pathogens. 
Variety Pusa Naveen of bottle gourd was less susceptible to all the three 
pathogens tested as against two other varities. Ward and Ganesh. In case of 
cucumber, varieties Pointset, Poona kheere and All Season were screened 
against all the three test pathogens in terms of above given plant growth 
characters. Two varieties Pointset and Poona Kheera of cucumber were highly 
susceptible except variety All Season, vdiich was found less susceptible to all 
the three pathogens tested. Similar studies have also been conducted by 
other workers to evaluate the reaction of other cucurbits to root-knot 
nematode, M. incognita, root-rot fungus, R. solani and seedling-rot fungus, 
P. aphanidermatum (Singh and Chohan, 1978; Tarabein et. al, 1979; Moussa 
et. al, 1981; Stephan and Trudgill, 1982; Tominaga, 1983; Tello, 1990; 
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Wehner, 1991; Petemotte, 1992; Corazza, 1992; Wolk, 1994; Moulin, 1994; 
Menzies, 1996; Rey et.al, 1996 and Bahar, 1996). In above studies the reaction 
of different varieties was assessed only on the basis of disease development 
(e.g., root-knot development, root-rot index, nematode population), whereas, in 
the present study large number of plant growth parameters have been taken into 
account to obtain more accurate assessment of plant reaction to the test 
pathogens. (Table land 2). 
Plant damage due to the three test pathogens increased with increasing 
inoculum levds. More damage was caused by R. solani followed by 
M.incognita and P.aphanidermatum. Reduction in plant growth characters 
(length, fresh weight, dry weight, net primary productivity and leaf area) of 
both the test plants was recorded at all inoculum levels of all the three 
pathogens to a varying degree. The reduction increased with an increase in 
inoculum level. In lower doses i.e., 250,500 and 1000 larvae and 0.25, 0.5 and 
1.0 gm of timgus, although the damage to plant was sig^ficant over control but 
the percent of damage was not very much alarming and similarly in higher 
doses i.e. 2000 larvae and 2.0gm fungus onwards the damage to plant was very 
high. So it was thought desirable to have a medium inoculum level of all the 
three pathogens i.e., 2000 larvae and 2.0gm fungal mycelium for further 
experimental studies. 
Presait findings are in conformity with Tiyagi and Alam (1988), Fazal 
etal, (1994), Azam (1975) Varshney (1982), Zakiuddin (1984) and Khan 
(1986). 
Adverse effects on growth of different plants with an increase in primary 
inoculum level of M.incognita have been reported by several workers (Christie, 
1936; Krusberg and Nelson, 1958; Wallace, 1969; Ferris, 1974; Barker and 
Olthof, 1976; Nordocci and Barker, 1979; Kinloch, 1982; Rodriguez et.al. 
1981; Ibrahim and Lewis, 1985; Fazal et.al. 1996; Bhat, 1999). In present study 
the growth parameters and pathogens inoculum density showed positive linear 
relationship. In the opinion of Wallace (1963) and Oostenbrink (1966) the 
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increase in the nematode population and the subsequent reduction in the yield 
of crops or other manifestations of the pathogenic effects are directly 
influenced by initial density of the nematode in soil. 
Significant reduction was also observed in the photosynthetic pigments 
viz. chlorophyll contents and carotenoid. In infected plants reduction in growth 
adversely affects the photosynthesis, which in term impede development of 
plant weight, number of flowers and delayed flowering, ultimately resulting in 
reduced yields (Melakeberhan et.al. 1985), Nematodes also decreased water 
uptake by destroying plant roots (Meon et.al. 1978). The physiological effects 
of decreased water availability include decreased nutrient uptake and 
translocation of solutes, decreased chloroplast activity, decomposition of 
protein and nucleic acids and increased hydrolytic enzymes (Schoeneweiss, 
1978). More over the nematode invasion is also known to bring a change in the 
concentration of nutrient elements in plants such as Fe, Zn, Cu, Mn, Change in 
the concentration of these nutrient elements in plants, even to small extend 
appears to have a profound impact on host physiology which intern appears to 
be a major cause of limiting the growth of the host plants and cause imbalance 
in the translocation process (Melakaberhan et.ah 1985 and Tiyagi et. al. 1990). 
Fe plays a vital role in the photosynthetic pigments (Devlin and Witham, 
1986). 
The rate of multiplication of nematode was adversely affected by 
increasing inoculum levels. Such observations have also been given out by 
several workers (Nath et.al 1989; Fazal et.al 1994; Ahmad and Alam, 1998). 
The reason for the reduction in nematode multiplication with increasing 
inoculum levels may be due to competition for food and space (Davide and 
Triantophyllon, 1967; Chapman, 1959; Gupta and Yadav, 1979; Salem and 
Eissa, 1981). 
127 
Interactive effects of the root-knot nematode, Meloidogyne incognita 
and root-rot fungus Rhizoctonia solani and seedling-rot fungus Pythium 
aphanidermatum on bottle gourd and cucumber 
Several species of Rhizoctonia and Pythium are prominent fungi that are 
known to interact with different plant parasitic nematodes. Root-rot fungi are 
capable of causing root diseases on their OAvn and have their own inherent 
mechanism of root penetration. The role of nematode in root-rot diseases in 
general is related to assisting the fimgal pathogen in its pathogenesis and 
increasing host susceptibility. Nematodes by wounding, provide the fungal 
pathogen access to root tissues (Inagaki and Powell, 1969). 
The results pertaining to the experiments involving individual, 
simultaneous and sequential inoculation of test pathogens (Table 3, 4, 5 and 6) 
indicate that all the three test pathogens caused significant reduction in total 
plant length, firesh and dry weights whether inoculated singly or in various 
combinations (simultaneously and sequentially) as compared to uninoculated 
control. However, the maximum reduction in plant growth was found in the 
treatments, where the nematode and fungus were inoculated simultaneously 
followed by the prior inoculation of nematode to the fungus and least in its 
reciprocal treatment (Table 4 and 6). Maximum plant growth reduction in the 
concomitant inoculation of both the pathogens can be assigned to the fact that 
when a plant is jointly infected by more than one pathogen, it seems reasonable 
to expect diat activities of the other changed its susceptibility due to altered 
physiological functions (Powell, 1979). 
Highest reduction in the plant growth and photosynthetic pigments in 
simultaneous inoculation in contrast to sequential inoculations could be 
explained by the fact that each organism has got equal opportunity to parasitize 
the root for a longer period and alter the physiology and biochemistry of the 
host plant (Khan and Saxena, 1969; Yang et.al 1976; Mani, 1983) while in the 
remaining treatments the parasitism of one of the two pathogens is restricted to 
15 days. It is likely by that time the seedlings have progressed to such a stage 
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of their development that they no longer remain susceptible to one of the two 
parasites. The results are in accordance with those reported by Inagaki and 
Powell (1969); Mitchell and Powell (1972); Chhabra et.al (1977); Reddy et.al. 
(1979); Azam eld. (1984); Khan and Hussaain (1988a); Tiyagi (1990); Shah 
e/.a/.(1993); Kumar etal.(l977) and Cham (1998). 
The highest root-rot and seedling-rot was found in simultaneous 
inoculation and least in sequential inoculation where nematode preceded to 
fungal inoculations. Increased root-rot in the presence of nematode may be due 
to the nutrient mobilization in the root leachates of M.incognita infected roots, 
which in turn benefits the fungal growth and increased the disease incidence 
(Owens and Specht, 1966; Vangundy et.al.l977). 
In case of prior establishment of nematode to fungus, the nematode 
predisposed the plants in advance to fungal attack. Giant cells induced by 
M.incognita remain in state of high metabolic activity through continuous 
stimulation by the nematode (Webster, 1975). They contain maximum DNA, 
RNA, sugars, hemicellulose, organic acids, fi^ee amino acids, protein and lipids 
(Bird, 1972). The enriched medium benefits the fungal pathogens in their 
interaction with root-knot nematodes. Further physiological alterations by the 
nematode improve the nutrient status of the host for the fungal pathogens. 
Golden and Van Gundy (1975) showed that galled regions of tomato roots 
infected with M.incognita were heavily colonized by R. solani indicating its 
preference for the region due to the presence of rich nutrients medium in the 
galls. Khan and Mullar (1982) observed a similar pattern of colonization by 
R. solani on radish infected with M. hapla. R. solani preferred M. hapla 
induced galls. Galls caused by root-knot nematodes are nutrient rich and favour 
luxuriant growth of fungi like R. solani and P. aphanidermatum. The mycelium 
accumulated there showing vigorous growth and abundant sclerotial formation. 
Extensive necrosis of the galls occurred and roots become obliterated. Non-
galled regions of roots did not show sclerotial formation. (Reynolds and 
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Hansan, 1987; Goel and Gupta, 1986a; Mani and Sethi, 1987; Siddiqui, 1990 
and Shah, 1993). 
Brodie and Cooper (1964) found that sporangia! production of 
P.debaryanun was almost ten times greater in presence of juice extracted from 
root-knot galls than in the presence of juice from healthy roots. These 
observations indicated that the nematodes provide the roots a better 
environment for fimgal development, perhaps most simply by increasing the 
nutrient supply available (Azam etal 1977 and Golden and Van Gundy, 1975). 
In addition, nematode might have provided infection courts through which 
fimgus got entry, which might have been facilitated resulting in the aggressive 
behaviour of the fungus (Smith, 1954 and Hasan, 1993) 
Lesser reduction in weight in plants inoculated with fungus followed by 
root-knot nematode is understandable, as it is likely that by the time seedlings 
inoculated with root-knot larvae, the fungus has already colonized the cortical 
tissues and thereby prevented their entry to the vascular parenchyma which 
normally is the feeding site of root-knot nematode (Nemec, 1910; Christie, 
1936, and Linford 1937). It is also likely that some toxic fungal secretions 
might have reduced larval population around the roots (Khan et.al 1984; Khan 
et.al. 1984; Shah and Azam, 1992). Since little or no galls are produced and the 
number of larvae isolated from the roots are far below than the initial inoculum 
levels are used. Therefore, it appears that as a result of fungal parasitism 
root-knot nematode has failed to establish itself It is likely that in the presence 
of fungus the organization of localized source of proteins in the giant cells 
which usually develop under the direction of developing female is disturbed or 
a balance between proteolytic enzymes from the parasites and the hosts is 
adversely affected. Thus whatever damage occurs in such a situation to plant, it 
is mostly due to the fungi and partly due to the root-knot nematode. The 
nematode galling and the multiplication of M.incognita was adversely affected 
in all combinations in the presence of both the fungus, R.solani and 
P.aphanidermatum due to their inhibitory effect on nematodes. The reduction 
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was significantly higher when fimgus was introduced prior to nematode and 
least in its reciprocal treatments (Table 4 and 6). It could be due to extensive 
colonization of the hypertrophied and hyperplasic regions of nematode galls by 
the fungus and also the rapid invasion of areas anterior and posterior to female 
nematode and e ^ masses. Such fungal infection progressed very rapidly, 
resulting in the drastic tissue disintegration (Ryder and Crittenden, 1965; 
Melendez and Pbwell, 1967; Polychronopouls et.al 1969; Valle Lamboy, 1980 
and Vadhera et.al. 1992). On the other hand, in the treatments where the fungus 
succeeded nematipde, the reduction was comparatively less because by the time 
fungus was inoculated, the nematode got sufficient time to multiply and 
thereby limiting the effect of lately inoculated fungus. It seems to be the reason 
of highest populajtion of nematodes in this treatment as compared to other 
combinations. 
Fly ash amendnient 
According to Dhar (2002) Power generation in India has been increased 
firom 1362 MW in 1947 to about 1,05,000 MW as on March 2002, out of which 
about 62,000 MW is fi"om coal based thermal power stations. India fi-om early 
days depends on coal as a major source of energy for generating power. In 
future also coal will pintinue as the mainstay fuel for the power generation. A 
typical 2000 MW unat produced around 50-60 tones of ash per hour in India. 
Currently about 80 million tones of ash are produced annually. Estimated 
generation of ash by me year 2012 AD being about 170 million tones per year 
and it would require inore than 1.0 lacs acres of valuable land for its disposal. 
The fly ash is disposed-off in the surrounding water and soils, resulting in the 
environmental ecological problems. To manage this huge amount of fly ash, it 
is desirable to use fly ash in the agriculture to improve the soil quality, plant 
growth and crop yield apd also to minimize the risk of environmental pollution 
that are hannfiil for h u n ^ being and animals. 
Fly ash contains appreciable amounts of plant nutrients (Andojumpei 
et.al. 1986; Sikka and Kansal, 1994; Mishra et.al, 199S). It has ability to 
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increase the porosity of soils and thus, can enhance the permeability of water 
needed to the plants (Campbell et.aJ, 1983). It can also alter the pH of the soil 
(Hodgson etal, 1982;Khan etal, 1996). However, sometimes it reduced the 
toxicity of trace metals by their absorption over fly ash surfaces. The use of fly 
ash is found to increase the crop yields and is also capable to improve the 
physico-chemical characteristics of soil (Chang et.al, 1977; Elseewi et.al, 
1978; Page et.al, 1977; Hill and Lamp, 1980; Khan et.al, 1996; Sarangi and 
Mishra, 1998). 
Effect of fly ash on plant growth 
Fly ash ameliorates the plant growth of bottle gourd as well as 
cucumber. The artificial amendment of soil with fly ash of thermal power plant 
origin appears to be promising for use in improving the plant growth. Plant 
growth charactns such as length, firesh and dry weight, net primary 
productivity and leaf area increased gradually up to 25% fly ash amended soil, 
but declined at higher concentrations. The highest increase in plant fresh 
weight of bottle gourd was increased by +13.83% and +14.91% in cucumber at 
25% fly ash amended soil followed by 10% and 50% fly ash amended soil. 
Plant dry weight, net primary productivity and leaf area were depend upon 
plant fresh weight, so they were also increased in the same manner over their 
respective controls. The results of present study in general are in accordance 
with those of Schnappinger et.al (1975), Martens and Beahm et.al (1976), 
Elseewi eta/.,(1978,1980), Mishra and Shukla, (1986), Pawar et.al 
(1988),Wong and Wong, (1989), Kalra et.al (1997), Kuchnawar and Matte, 
(1997), Sarangi et.al (1998), Sharma et.al (2001), Khan et.al (2001), and Khan 
and Bhardwaj, (2002). 
Increased growtii of bottle gourd and cucumber may be attributed to the 
presence of utilizable plant nutrients in fly ash (Druzia et.al, 1982; Khan et.al 
1997). The artificial amendment of soil with fly ash up to 50% improved the 
plant growth, which supports that some utilizable nutrients are available in fly 
ash. In addition to nutrient, alteration in soil in relation to some other factors 
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like pH, cation exchange capacity, water holding capacity and soil porosity also 
affected the roots \^ilich reflected in shoot growth, N.P.P and leaf area (Jones 
and Strangjian, 1978; Adriano, 1980; Mishra and Shukla, 1986; Wong and 
Wong, 1989; Kuchnawar and Matte, 1997; Khan et.al, 2001 and Khan and 
Bhardwaj, 2002). Highest increase in the photosynthetic pigments such total 
chlorophyll and carotenoids wer also highly increased at 25% by +34.26% in 
bottle gourd and +32.66% in cucumber followed by 10% and 50% fly ash 
amended soil vAxm compared with their respective controls. Leaves of bottle 
gourd and cucumber were observed dark green colour due to higher contents of 
chlorophyll and carotenes. An increase in photosynthetic pigments in the fly 
ash amended soil up to 50% may be due to the presence of some nutrients such 
as Mg, and C in fly ash, which are the main constituents of chlorophyll 
molecules. The photosynthetic activity increased due to increased 
photosynthetic pigments, wiiich resulted in improved plant growth of the 
plants. 
The better growth of the plant was due to the presence of nutrients such 
as sulphate, phosphorus, potassium, calcium, boron and manganese in fly ash 
and available to bottle gourd and cucumber plants for absorption and 
subsequent utilization. The nutrients from fly ash have been reported as 
beneficial to plants through soil application (Mishra and Shukla, 1986; Khan 
and Khan, 1996, and Khan et.al, 1997). 
The higher concentrations of fly ash became harmful for the growth of 
bottle gourd and cucumber plants. The adverse effect of fly ash at higher 
concentrations may be due to the toxic effects of the compounds like 
dibenzofuran and dibvbenzo-p-dioxine mixture and metals found in fly ash 
(Kamath, 1979; Helder et.al, 1982; Sawyer et.al, 1982;Wong and Wong, 1986; 
Khan et.al, 1997; Khan et.al. 2001 and Khan and Bhardwaj, 2002) At higher 
levels of fly ash flie concentration of toxic substances may also increased which 
might be proved phytotoxic and this might have contributed towards the poor 
growth of crops. In the similar way the nutrients in fly ash amended soil, 
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beneficial effects mask the harmful effects, and as a result better growth is 
achieved. At higher concentrations the greater amount of toxic substances 
dominated over the favorable nutrients and ultimately the plant suffered. 
Interactive effect of root-knot nematode, Meloidogyne incognita, root-rot 
fungus Rhizoctonia solani and seedling-rot fungus Pythium 
aphanidermatum alone and in combination with fly ash-
Growth of bottle gourd and cucumber plants was highly improved at 
25% fly ash amended soil, when inoculated with root-knot nematode, 
M incognita, root-rot fungus, R. solani and seedling-rot fungus, 
P. aphanidermatum alone and in combinations. Highest plant firesh weight was 
improved by +26.81%in bottle gourd and +28.30%in cucumber at 25%fly ash 
amended soil, ^ e n both the test plants were inoculated with 2000 larvae of 
M incognita over their respective controls. In case of root-rot fimgus 2.0g 
mycelium of/?, solani treated plants, the total plant fi^esh weight was improved 
by +27.50% in bottle gourd and +26.40% in cucumber, while in seedling-rot 
fungus P, aphanidermatum treated plants total plant fi-esh weight was improved 
by +28.92% in bottle gourd and +30.54% in cucumber plants when compared 
to their respective unamended and inoculated controls. Total plant fi-esh weight 
was also improved when root-knot nematode, M incognita was inoculated 
simultaneously with both the fungi. It was improved by +24.38% in bottle 
gourd and +24.22% in cucumber, when M incognita was inoculated with 
seedling-rot fungus P. aphanidermatum and with root-rot fungus Rhizoctonia 
solani, it was increased by +20.36% in bottle gourd and +21.30% in cucumber 
at 25% fly ash amended soil over unamended and inoculated controls. Use of 
fly ash to check the pathogens have been reported by several workers (on 
nematodes, Khan et. a/, 1993; Singh el al, 1994; Khan el al, 1997; Khan and 
Ghandirpour, 1999; On R. solani, Abdussalam, 2001 andFusarium oxysporum 
by Khan and Singh 2001). All the characteristic of plant growth are totally 
depend on plant firesh weight, so the net primary productivity, leaf area and 
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photosynthetic pigments were also controlled in the same manner over their 
respective controls. 
GrowUi of nematode and fungi infected plants increased as the fly ash 
concentrations in soil increased apparently for two reasons; The nutrients 
available in the fly ash promoted the growth of the plants on one hand and the 
selective toxic effects of fly ash resulted on reduced nematode penetration in 
roots as well as reduced root-rot infection by fungi leading to low disease 
intensity, poor reproduction of the nematodes and poor root-rotting. Fly ash 
resulted in high cation exchange capacity and an alkaline pH, high 
concentrations of carbonates and bicarbonates (Khan and Khan, 1996; Khan 
and Khan, 1997; Khan and Singh, 2001; Khan et. al, 2001; and Khan and 
Bhardwaj 2002 and Khalil and Shah, 1979), which may have an adverse effect 
on nematode penetration and subsequent root-rot and seedling-rot 
development. Some other toxic compounds viz. dibenzofiiran and dibenzo-p-
dioxine mixtures and metals such as arsenic, cadmium, chromium, copper, 
lead, nickel, selenium and zinc are reported to be present in fly ash and have 
adverse effect on nematodes and check the fungal infection (Wedge and 
Hutton, 1987; Khane/.a/. 1997). 
Metals such as Zn, Cu, Pb, Mn, Cd and Fe have been shown greater 
impact on microbes. Maliszweska et. al, (1985) used CuSo4 for cupper sulphate 
and HgCl2 for mercuiy and reported that these elements decreased the activity 
of harmful microorganisms in sandy soil. Cupper sulphate was significantly 
more toxic to the groups of microorganisms tested followed by lead and zinc. 
Growth of fimgi was decreased by the application of cupper and mercury 
(Maliszeswica, 1985). Nene and Thapliyal (1993) was also reported that cupper 
based fungicides effectively check the fungal infection. 
Fly ash in lower concentrations showed fungicidal effects on R. solani 
and P. aphanidermatum. Khan and Singh (2001) reported the decline in the soil 
population of the fungus (CFU g"^  soil), which indicate that the ash caused 
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direct inhibitory effects on the survival and multiplication of fungal propagules 
in the soil. 
In our studies fly ash not only beneficial for the growth of bottle gourd 
and cucumber, but also demonstrated a potential nematicidal and fungicidal 
action on the root-knot nematode, Meloidogyne incognita, root-rot fungus, 
Rhizoctonia solani and seedling- rot fungus, Pythium aphanidermatiim. This 
suggested that flyash could be used at least occasionally as a nematicide, 
fungicide-cum fertilizer to improve soil fertility and reduce nematode and 
fungus infestation levels. 
Present study has provided a new dimension for future utilization of fly 
ash for nematode and fungal control and created a safer means for the disposal 
of this othwwise waste product. The study also provides a newer approach for 
pest management practices. However, other aspects should be studied 
thoroughly before making the recommendation. 
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SUMMARY 
Varietal reaction of bottle gourd and cucumber to tlie test nematode 
and fimgi-
Three cultivars of bottle gourd (Ward, Ganesh and Pusa Naveen) and 
cucumber (Pointset, Poona Kheera and All Season) were screened against root-
knot nematode Meloidogyne incognita, root-rot fungus, Rhizoctonia solani and 
seedling-rot fungus, Pythium aphanidermatum using different inoculum levels. 
The resistant and susceptibility reaction was assessed on the basis of different 
plant growth parameters along with number of root-knot galls and rate of 
nematode multiplication in case of Meloidogyne incognita, root-rot index in 
case of Rhizoctonia solani and seedling-rot index in case of Pythium 
aphanidermatum. 
All the three varieties of each crop (bottle gourd and cucumber) were 
found susceptible to a varying degree against the three pathogens, 
(Meloidogyne incognita, Rhizoctonia solani and Pythium aphanidermatum. 
The cv. Ward of bottle gourd and cv. Pointset of cucumber were highly 
susceptible followed by cv. Ganesh and Pusa Naveen of bottle gourd and cv. 
Poona Kheera and cv. All Season of cucumber respectively. 
Investigation on the Pathogenecity of Meloidogyne incognita, 
Rhizoctonia solani and Pythium aphanidermatum. Confirmed the destructive 
effect of all diese pathogens on all the cultivars of both the crops. Although a 
significant reduction in plant growth parameters occurred at all the inoculum 
levels of the three pathogens, but in lower doses i.e. 250 and 500 larvae of 
nematode and 0,25g and 0.50g of fungus the damage was very less and at or 
above 1000 Jj and l.Og inoculum levels it was increased. The net primary 
productivity, leaf area and photosynthetic pigments depend upon the plant fresh 
weight of plant, so all these were also reduced in similar way to the plant fi-esh 
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weight. These characters were inversely proportional to the inoculum levels of 
all the three pathogens viz. M. incognita, R. solani and P. aphanidermatum. 
A significant linear relationship between initial (Pi) and final (Pf) 
nematode population was observed but rate of multiplication (Rf) decreased 
with an increase in the inoculum levels. Root galling was however, directly 
proportional to inoculum level showing an increase with the increasing inocula 
of nematode. Similar trend was observed with respect to increase in root-rot 
index and seedling-rot index in the increasing inoculum levels of both the 
fimgi, R. solani and P. aphanidermatum. 
Interactive effect of nematode and fungi on bottle gourd and cucumber-
Interaction between A/, incognita, R. solani and P. aphanidermatum was 
studied using variable inoculum levels and their combinations were found to be 
highly detrimental to plant growth as measured in terms of plant length, fresh 
and dry weights, photosynthetic pigments, net primary productivity and leaf 
area. In individual inoculation of test pathogens the reduction in plant growth 
and photosynthetic pigments were directly proportional to the increase in the 
inoculum level of test pathogens. Initial inoculum levels caused less reduction 
of plant growth, however, in the increasing inoculum levels, the reduction was 
quite high over uninoculated control. In concomitant inoculation highest 
reduction in plant groAvth was observed with M Incognita + R. solani followed 
by M incognita + P. aphanidermatum combinations in both the crops (Bottle 
gourd and cucumber). 
The combinations of variable inoculum levels of M. incognita + 
R. solani and M incognita + P. aphanidermatum in bodi the test crops showed 
synergistic effect on plant growth reduction (Positive interaction). Nematodes 
multiplied to a varying degree when inoculated alone, but with the increase in 
the inoculum levels, there was a gradual decrease in the rate of nematode 
multiplication. The fimgi R. solani and P. aphanidermatum showed an 
antagonistic effect on the rate of nematode multiplication and root-galling. The 
effect was higher viien highest fimgal inoculum levels were used with lowest 
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nematode inocula. Root-rot showed considerable enhancement with the 
increase of fungal inocula alone and in its various combinations with nematode, 
the lowest being in the concomitance of high inoculum levels of test pathogens. 
Studies on the effect of simultaneous inoculations, and sequential 
inoculations of test pathogens showed that the reduction in plant growth, 
photosynthetic pigments and other parameters was maximum in simultaneous 
inoculations, followed by sequential inoculations of nematode, 15 days prior to 
fungus and least in the treatments where fungus preceded nematode 
inoculation. Population of the nematode M incognita was adversely affected in 
all the combinations with fungi in contrast to where nematodes were present 
alone. It was highly reduced when fungus was introduced prior to the nematode 
and least in the reverse condition. In the multipathogenic condition, the 
multiplication rate was affected to the greater extent on both test crops. 
Rhizoctonia solani brought about more reduction in nematode population than 
P. aphanidermatum. The rate of nematode multiplication was highest when 
inoculated individually in bottle gourd as well as in cucumber. The reduction in 
the rate of nematode multiplication was significantly high when fungus 
preceded the nematode inoculation. On the other hand root-rotting due to 
fungus increased markedly in all combinations with nematode. The highest 
being in simultaneous inoculation and least in the sequential inoculation of 
nematode prior to the fungus in both the crops. 
Effect of different concentrations of fly ash alone and in 
combination with nematode and fungi 
Fly ash emanated from the thermal power plant, Kasimpur improved the 
various physicochemical properties of the soil, wiiich were found favorable to 
the plant growth. An increase in fly ash concentration in the soil 
correspondingly increased the availability of carbonates, bicarbonates, 
sulphate, chlorides, boron, phosphorus, potassium, calcium, magnesium, 
manganese, cupper and zinc in the soil. The porosity, water holding capacity, 
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pH, conductivity and cation exchange capacity also increased progressively in 
the fly ash amended soil. 
Incorporation of fly ash in soil at 10%, 25% and 50% caused significant 
improvement in plant growth, net primary productivity, leaf area and 
photosynthetic pigments of both the test crops (bottie gourd and cucumber). 
Suppression in the plant growth caused by M incognita, R. solani and 
P. aphanidermatum was reduced by fly ash upto 50% fly ash level, highest 
being in 25% level. At higher levels (75% onward) fly ash showed a phytotoxic 
effect on plant growth. 
The fly ash at 25% not only improved the growth of plants, N.P.P, leaf 
area and photosynthetic pigments but also reduced the pathogenic effect of all 
the three pathogens, Mehidogyne incognita, Rhizoctonia solani and Pythium 
aphanidermatum on both the test plants. 
The highest fly ash concentrations (above 75%), although decreased the 
nematode and fungal multiplication by reducing their population in the soil, but 
they were also proved phytotoxic by reducing plant growth of bottle gourd and 
cucumber. 
A gradual reduction in nematode multiplication in terms of root-knot 
index, and fungal multiplication in terms of root-rot index was observed with 
increasing levels of fly ash in both the test plants. It was lowest in 10% and 
highest in 100% fly ash level. 
(BiSCiograpliy 
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